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request of members suggestions regarding nominations, matters of policy and 
general welfare of the Society; serve ex officio as a member of the executive 
and program committees ; collect dues from members ; and conduct the financial 
affairs of the Society with the aid and advice of the chairman of the executive 
committee. 

Section 2 — Executive Committee: There shall be an executive committee con- 
sisting of the retiring President, who shall be chairman, the President, the Vice- 
President, the Sectional Chairmen, the chairmen of regional groups, the Secre- 
tary-Treasurer, and two members elected at large for terms of two years each, 
retiring in alternate years. This committee shall act for the Society in the interim 
between annual meetings ; shall fix the date for the annual meeting ; shall present 
at each annual meeting nominees for members of the nominating committee; 
shall act on admission of all associate members, regional groups and jimior 

*As revised and adopted at the Philadelphia meeting, January 1, 1941. 
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branches and in special cases may elect to voting membership persons of liigh 
qualifications but otherwise ineligible; shall consider matters of general policy 
or welfare of the organization and present its recommendations at the annual 
meeting of the Society. 

Section 3 — Nominating Committee: There shall be a committee on nomi- 
nations consisting of two members from each of the sectional groups who shall 
be nominated by the executive committee and elected by ballot at each annual 
meeting of the Society. It shall be the duty of this committee, at the following 
annual meeting to present a list of nominees for the various offices, committees 
(except the Nominating Committee), representatives, and sectional chairmen 
who shall be selected after consultation with the sections. This committee shall 
also nominate referees and alternates upon special subjects of investigation or 
instruction which may be referred to it for consideration by this Society. The 
duties of these referees shall be to make concise reports upon recent investi- 
gations or methods of teaching in the subjects assigned to them and to report 
the present status of the same. 

Section 4— Program Committee: There shall be a committee on program, 
consisting of five (5) members, of which the secretary shall be one. This com- 
mittee shall have charge of the scientific activities of the Society, except as other- 
wise ordered by the Society. It shall receive titles and arrange the program of 
the annual meeting; arrange symposia; accept or reject titles, and may invite 
non-niembers to participate. 

Section 5 — Editorial Committee : There shall be an Editorial Committee con- 
sisting of five members. One member shall be elected each year to serve for 
five years. It shall be the duty of this committee to formulate the editorial and 
publication policies of the Society ; to assist the Secretary in reviewing atid edit- 
ing papers and shall have final authority to reject any paper deemed not worthy 
or unsuitable for publication in the Proceedings. 

Section 6 — Membership Committee: There shall be a committee on membership 
whose duties shall be the promotion of membership in the Society. 

Section 7 — Auditing Committee: There shall be a committee to audit the 
books of the Society and report their condition at each annual meeting. 

Section 8 — Committee on Local Arrangements: There shall be a committee 
on local arrangements who in cooperation with the Secretary-Treasurer will 
have charge of all local arrangements for the annual meeting. 

Section 9 — Quorum: Ten members of the Society shall constitute a quorum 
for the transaction of business at a regularly called meeting of which at least 
30 days notice shall have been given to members. 

Section 10 — Annual Dues: The annual dues of the Society shall be five dollars. 

Section II — Amendment to the By-Laws: The by-laws may be amended at 
any regular meeting by a two-thirds vote of members present providing a copy 
of such amendment has been sent to all members at least 30 days prior to the 
meeting. 

Section 12 — Regional Groups: Upon the presentation of a petition signed by 
ten or more members of this Society residing within a stated region, the execu- 
tive committee may approve the formation of a regional group affiliated with 
this Society, Such group must elect as a minimum number of officers a chairman, 
a vice-chairman and a secretary and shall present an annual report to the 
Secretary-Treasurer of the national Society to include the names of its officials 
and a review of its meetings or other activities. Publication of this report iti full 
or in part shall be made in the Proceedings of this Society. Papers presented at 
regional group meetings may be published on the same basis as papers presented 
at the regular annual meeting. 

Section 13 — Junior Branches: A student horticultural group at a college or 
university, operating under the supervision of a member or members of this 
Society, may organize as a Junior Branch of the American Society for Horti- 
cultural Science upon approval of the executive committee and the payment of 
an a^ual fee of five dollars for the branch. Each branch shall receive a copy 
of all publications of the Society, Such a branch shall elect a chairman, a vice- 
chairnmn and a secretary-treasurer and shall present an annual report of its 
activities to the national Secretary-Treasurer. Such groups may hold meetings 
m conjunction with the annual meetings of this Society and a report of such 
m^mgs, not including individual papers, may be included in the Proceedings. 
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SOCIETY AFFAIRS 

RESUMA OF THE ANNUAL MEETING 
AT PHILADELPHIA, PENNSYLVANIA, 
DECEMBER, 30, 31, 1940, AND JANUARY 1, 1941 

The thirty-seventh annual meeting of the Society was held in the Engineering 
Building and Museum Auditorium of the University of Pennsylvania. Society 
headquarters were the Hotel Normandie. 

The subject matter content of the program of the Society and the special ses- 
sions held on particular problems are always of interest as indicating the trend 
of horticultural research throughout the country. This year, on a 3-day program, 
were four sessions dealing with tree fruit problems; five sessions dealing with 
vegetable crops, including a joint session with the Potato Association of America ; 
four sessions on floriculture and ornamental horticulture, including a joint session 
with the American Phytopathological Society; and single sessions on blueberry 
problems, on small fruits, and on the storage and processing of horticultural 
products. 

The broad interest of the Society and its usefulness in drawing together various 
groups so as to pool their knowledge and resources upon special crop problems 
is again indicated by the symposia and joint sessions in which the Society par- 
ticipated. Among these are the joint session on “Present Concepts of Ion Avail- 
ability in Plant Nutrition”, participated in by the American Society of Plant 
Physiology and the Physiology Section of the Botanical Society of America; 
and “Theoretical and Practical Aspects of Polyploidy in Crop Plants”, in which 
the Genetics Society of America and the Botanical Society of America joined. 
In addition, special problems called for round table discussions on educational 
methods, on nomenclature and varieties in which Dr. Libery Hyde Bailey par- 
ticipated, on experimental design, and on blueberry culture. 

The banquet and social evening, which has always been a feature of the Society, 
was in the hands of the Pennsylvania group of horticultural workers under the 
chairmanship of Dr. W. B, Mack of Pennsylvania State College, and introduced 
by Mr. Wister of Philadelphia to tell of the contributions which, Philadelphia and 
Pennsylvania have made to the development of horticulture in America, and 
provided entertainment by a Pennsylvania Dutch group represented as character- 
istic of a section of the State. 

RESUME OF THE MEETING OF THE 
WESTERN SECTION 

The second annual meeting of the Western Section was held jointly with 
other groups of the Pacific Division of American Association for Advancement 
of Science at the University of Washington on June 19, 20, and 21, 1940, fol- 
lowed by a field trip to the Western Washington Experiment Station at Puyallup, 
Washington, in conjunction with the Northwest Association of Horticulturists, 
Entomologists, and Plant Pathologists, and the Pacific Division of the American 
Phytopathological Society. Dr. E. L. Overholser of Washington State College 
was chairman of the Section for 1939-40, and Dr. W. W. Aldrich of the United 
States Date Garden, Indio, California, was secretary. New^ officers elected for 
1940-41 were Dr, R. W. Hodgson of Los Angeles, California, chairman; Dr. A. 
H. Finch of Tucson, Arizona, vice-chairman; and Dr. W. W. Aldrich, Indio, 
California, secretary-treasurer. 

The 1941 meeting wall be held at Pasadena, California, June 16 to 21, 1941. 

SECRETARY-TREASURER’S REPORT 

Membership in the society numbers 732 in good standing, representing a decline 
of 15 members from last year, due entirely to losses in foreign memberships 
because of the war. Actually, there has been an increase in membership in the 
United States. 

The money received from dues was $2,988.25, $52.00 less than last year ; from 
the sale of Proceedings $1,232,25, a decrease of $160, the loss in this case also 
being due to a falling off in foreign orders because of the wrar. Extra pages pur- 
chased by authors amounted to $620,40, an increase of $31.90; and there was also 
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a substantial increase in income from reprints and etchings, or a total of $2,176.38, 
representing an increase of $446.32. The total money handled by the society dur- 
ing the year was $12,705.41, an increase of $458.91 from the preceding year. 

The society overhead has always been low, considering the activities of the 
organization and the size of the Proceedings, but by strict economy it was 
lowered still further this 3 'ear. Nevertheless, because of the large size of the 
Proceedings, the society reports a balance of but $4,538.34 on hand, a decline of 
$887.87 in comparison with the preceding year. This decline is due entirely to 
the increased cost of the Proceedings, which this year amounted to $5,404,47, an 
increase of $1,192.51 over last year. 

While the society must take cognizance of this increase in the cost of the 
Proceedings and the lower balance of money on hand, it does not represent a 
situation which cannot be taken care of. Had the war not been injected into the 
situation, there is no doubt that tlie society would have as favorable a balance 
as in previous years. First of all, it must be remembered that the number of pages 
printed this last year was 1152 as compared with 874 the previous year, an 
increase of 278 pages. In analyzing the situation it might be considered that this 
increase of 278 pages has been responsible for the loss of $887.87 from the 
previous year’s balance. This would be considered a very low per page loss, 
and could be adjusted very easily by a slight increase in charge per page by 
the Society, or by a slight increase in membership dues. 

It would seem that it would not be difficult to secure the approval of the society 
to a slight increase in membership dues, or to a slight increase in the cost per 
page of extra pages, particularly if two volumes a year are published, as at the 
moment seems a strong possibility. Since the money is on hand already for the 
publication of the Proceedings of this year’s meeting, there is no cause for any 
thing approaching emergency action, but constructive thought must be given 
promptly to maintaining the even balance that the society has enjoyed over a 
period of years. 

Treasurer’s Report 

Receipts 


Dues (1940) $2,988.25 

Proceedings sold (includes bound volumes) 1,232.25 

Extra pages purchased by authors 620.40 

Reprints and etchings sold. 2,176.38 


$7,017.28 

Interest on money in savings account 85.06 

Balance on hand December 18, 1939 5,436.21 

Bills receivable, outstanding accounts 166,86 


$12,705.41 

Expenditures 

Expenses of Columbus meeting .$ 67.61 

Expenses of Program, committee (1939) 3.68 

Printing Proceedings, Vol. 37 5,404.47 

Programs, letterheads, labels, etc 163.75 

Reprints 823.62 

Halftones and etchings for Proceedings 701.81 

Secretary’s office, including clerical assistance 400.00 

Postage and express, office and shipping Proceedings 294.74 

Stamped envelopes 103.92 

Proceedings purchased for resale 22.00 

Telegram to E. L. Overholser regarding Western 

Section meeting l^gQ 

Exchange on checks during 1940 2!81 


Total Expenditures $7990.21 

On hand December 20, 1940 !!!!!*.].* 4[548!34 

Bills receivable * 166.86 
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$12,705.41 



This is to certify that we have examined the books of the Treasurer of this 
Society and have found them in order. 

A. J. Winkler, 

R. A. Van Meter, 

Committee 


REPORT OF THE EXECUTIVE COMMITTEE 
AS ADOPTED BY THE SOCIETY 

The Executive Committee met at 8:15 p.m. December 29, 1940 at the Nor- 
mandie Hotel, Philadelphia. Those present were: Messrs. Boswell, Bradford, 
Haber, MacDaniels, McGinty, Teske, Tukey, and Poesch. 

The numerous suggestions and proposals for action submitted to the committee 
were all given consideration and the following actions taken : 

1. The chairman was instructed to pass on to the Nominating Committee those 
names suggested by members for nominations for the several offices of the 
Society. 

2. The committee recommends that the call for nominations each year shall be 
accompanied by a list showing the names of the past living presidents, vice- 
presidents, and secretary-treasurers. 

3. The committee recommends that careful attention be given to regional 
representation as well as subject matter representation among the membership 
when nominating members for offices and committees. 

4. Numerous suggestions submitted to the Executive Committee regarding 
improvement of the programs were considered. Many of these questions and pro- 
posals were also submitted to the committee on program development and are 
discussed in more detail in that committee report. Briefly, however, the sentiment 
of the Executive Committee on these are listed here : 

(a) The number of symposia scheduled in recent years seems about right 
to take care of current needs. No marked increase in symposia is recom- 
mended now, lest it result in an undesirable restriction or competition for 
program time with the other features of established value and interest. 

(b) The committee recommends against the proposed policy of making up 
the program solely by invitation papers. 

(c) There was a unanimous sentiment in favor of recommending that the 
present crowded condition of our spoken program be alleviated by alloting 
a maximum amount of program time to any one member during a single 
amiual meeting. This should encourage each member to present only his 
best material, thus leaving more time for the best material of other members. 

5. The sentiment of the Executive Committee is that publication in two volumes 
about six months apart seems practicable and is recommended for the consider- 
ation of the Society. 

6. It was recommended to the Society that an increase in the annual dues from 
$4.00 to $5.00 be made in order to meet publication expenses in the face of our 
rather heavy loss in members and sales outside of America. 

7. The committee recommended that tlie two representatives of the Society on 
the American Association for Advancement of Science council hold that position 
for six years, one new representative being appointed at three-year intervals. 
This is to enable representatives to become experienced in the responsibilities 
they are to have. 

8. The committee approved the applications for Junior Memberships submitted 
by student groups from Purdue University, and A. & M. College of Texas. 

9. The committee recommends for appointment to the Nominating Committee 
for 1941 the following: G. F. Potter, chairman; W. P. Tufts, H. B. Cordner, 
T. M. Currence, J. C. Ratsek, and S. L. Emsweller. 

10. In response to requests from members of the press for the loan of manu- 
scripts, a motion was passed recommending that the secretary should not so 
release original copies of manuscripts because of the dangers of delay or loss 
in transit. 

Respectfully submitted, 

V. R. Boswell, Chairman 
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REPORT OF THE NOMINATING COMMITTEE 

In its report the Nominating Committee submitted the names of officers and 
committees as shown on page x of these Proceedings, with the exception of the 
Nominating Committee, which was nominated by the Executive Committee in 
accordance with the Constitution. The secretary was instructed to cast the vote 
of the Society for the officers and committees as nominated, and their election 
was declared. 


REPORT OF THE COMMITTEE ON EDUCATION 

The report of the Committee on Education, of wffiich Dr. R. A. Van Meter is 
chairman, as adopted, will be published in the Proceedings of the Society as a 
journal article. 


REPORT OF THE COMMITTEE ON VARIETIES 

The duties of this committee, as set forth in last year's Proceedings, are as 
follows : “(a) To draw up standard forms for the description of varieties of each 
of the various fruits that will be suitable for the permanent recording and cata- 
loguing of a variety. (It is now understood that variety descriptions may be filed 
witli the Office of the Division of Vegetable Crops and Diseases of the U. S. 
Department of Agriculture in Washington, and the L. H. Bailey Hortorium at 
Ithaca, N. y.). (b) To decide what plant parts, photographs, or other materials 
are necessary and desirable for a complete herbarium specimen of a variety in 
each group of fruits. (Such herbarium materials can be deposited in the L. H. 
Bailey Hortorium at Ithaca, N. Y. and probably with one of the Federal Depart- 
ments at Washington, D. C.)” 

In line with these two objectives the following Subcommittees were appointed 
by President L. H. MacDaniels, to work up a descriptive blank for each of the 
fruits and to make suggestions as to what should be included in permanent *‘type 
specimens,” material, and new varieties. The leader of each Subcommittee drew 
freely upon others interested in the particular fruits in question in making up the 
description blanks. The following were the Chairmen of the different Subcom- 
mittees: Professor M. A. Blake, peach; Dr. J. K. Shaw, apple and pear; Mr. 
G. L. Slate, brambles, currant and gooseberry; Professor R. Wellington, grape; 
Dr. G. M. Darrow, strawberry ; Dr. W. H. Upshall, cherry and plum ; Dr. J. H. 
Clark, blueberry; Dr. G. Af. Lawrence, general committee adviser; and Dr. M. 
J. Dorsey, chairman. 

The problem of description, filing “type specimens,” registering varieties, and 
nomenclature was given a general discussion during the Round Table session 
the evening of December 31, at the Philadelphia meeting. In addition to the sub- 
committee reports, general session was addressed by Dean Bailey. During the 
interval after the address those present proceeded to the other section groups and 
the variety question was then discussed informally by a number of persons in- 
cluding, Professor M. A. Blake, Dr. W, A, Dayton, Mr. W. C. Pyle, Professor 
W. H. Alderman, Dr. J. K. Shaw, Dr. G. M. Lawrence, Dr. L. H. MacDaniels, 
and others. In this discussion many phases of the problem at hand were brought 
out and it seemed desirable to continue the work of these committees for the 
following year with the following specific objectives in view: 

1. To continue work on the descriptive blanks to see how far they could be 
standardized. In order to meet the requirements of permanent record descrip- 
tions these blanks should be submitted to Dr. Lawrence for study and recom- 
mendation before publication in the Proceedings. 

2. It was informally agreed after the Round Table discussion that type speci- 
mens, herbarium material, descriptions, photographs, etcetera, of selected varie- 
ties m the different fruits should be worked up and exhibited at the Dallas meet- 
ing. It was the thought of the Committee that the descriptive blanks and “type 
specimens” could very well be made the central theme of next year's Round Table 
discussion. 

M, J. DGRsnv^ Chairman 
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REPORT OF COMMITTEE TO ASSIST THE NATIONAL 
RESEARCH COUNCIL IN DEVELOPING A NATIONAL 
ROSTER OF SCIENTIFIC AND SPECIALIZED PERSON- 
NEL 

The committee consisted of the Chairman of the Executive Committee, the 
President, Vice-President and Secretary. 

On June 11, 1940, Dr. R. E. Coker of the Division of Biology and Agriculture 
of the National Research Council wrote to Dr. E. C. Auchter, advisory repre- 
sentative of our Society with the Council, with reference to our Society giving 
aid in a nation-wide registration of scientific and technical workers. This letter 
was referred to the Executive Committee of the Society with the resultant ap- 
pointment of this committee. 

With the concurrence of the other members, the Chairman of the Executive 
Committee and the Vice-President, who are located near Washington, D. C., 
called upon representatives of the Council and offered assistance. About October 
15 we were asked by representatives of the National Resources Planning Board 
to provide mailing lists of members and to assist in drawing up a check list to 
permit the use of sorting machines on the coded data obtained in the registration 
questionnaires. Both requests were promptly complied with and the committee 
further supplied a list of all horticultural workers in state and federal research 
and educational agencies who are not members of this Society. 

After a final review of. the material passing between the committee and the 
National Resources Planning Board we received a letter of thanks from the 
Board dated November 9, 1940, and considered the assignment completed. 

Respectfully submitted, 

Victor R. Boswell, Chairman 
F. C. Bradford 
L. H. MacDaniels 
H. B. Tukey 


REPORT OF COMMITTEE ON PROGRAM 
DEVELOPMENT 

On February 22, 1940, the President appointed a commmittee *‘to study the 
program and to make recommendations in regard to its simplification” as 
follows: V. R. Boswell, Chairman; J. E. Knott; H. A. Cardinell; C. L. Burk- 
holder; Leon Havis; L. C. Chadwick; J. C. Miller. After exchanges of cor- 
respondence involving numerous proposals for improving and increasing the value 
of the program at the annual meetings, the members of the committee attending 
the Philadelphia meeting (Messrs. Boswell, Havis, Chadwick and Miller) 
threshed these questions over at length on December 30, 1940. The committee 
submits the following recommendations, with comments, for the consideration of 
the Society: 

1. Recommendation: Speakers shall be required to observe strictly the time 
alloted to them on the program. 

Comment: Necessity and desirability are obvious. 

2. Recommendation: At any annual meeting a member shall be alloted time for 
only one paper of which he is the sole author ; or he may be alloted time for 
not more than two papers of which he is the first-named author. 

Comment: It is believed that this limitation will encourage each member to 
present only his best and most important material, allowing him more time 
for presentation and discussion ; and also allowing more time for the best that 
his fellow-members may wish to present. 

3. Recommendation: The number and magnitude of symposia on the program 
shall remain approximately as on the programs of recent meetings. Each paper 
on such symposia as are scheduled shall be organized around and consist 
chiefly of an original report or exposition, not merely a re-hash or review of 
literature. 



Comment: Despite considerable demand for “more symposia,” the committee 
urges extreme caution in this regard. M^ith general complaint of insufficient 
time for presentation and discussion of good, new, original work, it appears 
that more symposia will further encroach on the limited program time avail- 
able. Furthermore, the main purpose of this Society and its greatest service 
to horticulture have been the encouragement of original research of ever- 
increasing calibre, and the provision of a forum where every worker can get 
the benefits of presenting his problems and results to his fellows. It is con- 
sidered essential that program time be kept available to the newer and less 
experienced members as well as to others. In scheduling many symposia there 
is danger that a disproportionate amount of time will fall to “the older heads” 
and to reviews of older work thus defeating our major purposes. 

4. Recommendation: Symposia sliall be built up when practicable fi'om titles of 
original work submitted for presentation at an annual meeting, the subject 
being determined by the content of the proposed papers. An experienced pro- 
gram committee shall arrange for the suitable expansion of a limited number 
of papers, and for intercommunication among the proposed speakers before- 
hand, to insure a well-integrated symposium. 

Comment: This procedure will not involve invitation papers. It will depend 
upon suitability of titles of original work that will be presented anyhow, and 
is intended as a device to better show the pattern being developed in a given 
field or subject by the current findings of our members working on related 
problems. 

5. Recommendation: As a general policy the program shall consist only of 
papers reporting original research and submitted at the initiative of the 
members. So-called “invitation papers” shall not be included. 

Comment: Members having good original material always send in their titles 
and the Society gets the benefit of their work without asking for it. Invita- 
tion papers, papers written “on commission”, are, therefore, likely to be largely 
reviews of older work wdth which we should be already familiar. The time is 
already too brief for new original work so should not be used for bringing 
members up-to-date on their required reading and “home-work”. 

6. Recommendation: In submitting titles for presentation authors shall indicate 
whether a paper is (a) a preliminary report, (b) a substantial progress 
report, or (c) a report on a study that has been terminated. 

Comment: This information wall enable the program committee to make a 
more fair and efficient allotment of time for a paper. Generally, preliminary 
reports deserve the least time because they are incomplete and nonconclusive ; 
substantial progress reports deserve more; and a completed piece of work 

that the author will not make further reports on deserves the most time 

other things being equal. 

7. Recommendation: Speakers shall use only such slides as are easily read or 
clearly observed from any position in the room having a clear view of the 
screen. Slides shall be kept simple and shall include only such pertinent parts 
of one s data as are essential to illustrate the points made verbally. They need 
not be replicas of data to be published. Speakers shall carefully guage the 
amount of material on slides that can be effectively presented in the time 
allowed for exposure of each slide. Leastwise complicated tables should be 
mimeographed, and complicated or very extensive tables omitted from spoken 
programs. 


Comment: Disregard of the points covered in the preceding paragraph causes 
an audience to miss a speaker's points and makes it react adversely to a 
speaker and ms material, even if they are otherwise good. 

Recommendation: The three membep on the program committee besides the 
secretary-treasurer shall each normally serve for three years, one new member 
of the committee shall be elected each year, and the senior member in point 
of service shaU serve as chairman. They shall make recommendations to the 
improvements in program policy, as well as arrange the 
^hedule of papers and group meetings. ^ 

Comment: Some continuity in committee membership is desirable for gaining 

program problems and to enable members to dl 
velop the best solutions for those problems. 
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Note: These recommendations and comments apply only to the formal program 
of the annual meetings, and have no reference to sectional meetings or to 
publication of papers. 

Respectfully submitted, 

Victor R, Boswell, Chairman 

REPORT OF SPECIAL COMMITTEE APPPOINTED 
“To Investigate the Possibility of a Journal and to Present the 
Information to the Members of the Society*' 

Whereas a study of journals published by similar organizations indicates that 
such a form of publication would increase our costs and greatly decrease the 
number of papers published, and 

Whereas a majority of your committee and also a majority of other members 
of the Society who have been contacted'seem to prefer our present form of pub- 
lication (with_ some modifications) to a journal, 

Your committee recommends that the present the Society continue to pub- 
lish its reports in the form of “Proceedings**. 

Your committee further suggests that in order to maintain a more desirable 
size, the Proceedings be issued in two volumes with the second volume printed 
late enough to include papers from regional groups whose meetings are held too 
late to permit publication in the present single volume. 

Summary of reasons leading to above recommendations: 

1. Cost of publication — a journal would increase our present cost of publication 
by approximately 50 per cent assuming that we continue to print the same 
number of pages as in the Proceedings for 1939. This will be apparent if we 
compare the number of pages published in our Proceedings with the number 
in three farniliar journals put out by organizations whose dues are $5.00 per 
year as against $4.00 for the American Society for Horticultural Science : 

Proceedings, American Society for Horticultural Science 


1939 1152 pages 

Plant Physiology — 1940 785 pages 

Phytopathology — 1940 1075 pages 

(approximate) 

Journal of x^merican Society of Agronomy — 1940 1000 pages 

(approximate) 

Average for the three journals 950 pages 

(approximate) 


(Note — ^Journals use a more expensive paper than is found in our Proceedings.) 

2. A journal is admittedly better than a Proceedings as a medium for the publi- 
cation of long papers, but if we should change to a journal in which we would 
publish a fair proportion of long and short articles, it w’ould be impossible 
to publish all the papers presented at our annual meeting. Plant Physiology 
during the current year printed a total of 62 articles of varying lengths, plus 
24 pages of “Notes**. The 1939 Proceedings of the American Society for Horti- 
cultural Science printed 250 articles and 21 abstracts. Conceivably, we might 
use somewhat shorter articles than Plant Physiology and publish from 100 to 
125 per year in a journal. Even such maximum numbers would deprive our 
members of the privilege of publishing more than one-half of the papers in- 
cluded in our last Proceedings or force them to seek other means of publication. 

3. Because of war conditions abroad, income from sale of our publication to 
foreign libraries is almost completely cut off. In view of this fact, and the 
unsettled situation in the United States, this would seem to be a particularly 
unfavorable time to undertake the publication of a journal or to assume the 
added financial responsibilities that would accompany such an undertaking., 

W. H. Alderman, Chairman 
M. B. Davis 
C. H. Connors 
J. R. Magness 

. S. H. Yarnell 

H. B. Tukey 
W. H. Chandler 
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REPORT OF THE COMMITTEE ON REVISION OF THE 
CONSTITUTION AND BY-LAWS AS ADOPTED 
BY THE SOCIETY 

Amendment to Constitution 

Article V—Strike out the following words, thereby simplifying the organization 
by abolishing a non-functioning Council : 

“who, together with the chairmen of the standing committees, 
shall constitute a Council to act upon all applications for member- 
ship”. 

Revision of By-Laws 

Restate Section 1 as follows : 

Section I— Duties of Officers: The President shall preside at business meetings 
and general sessions of the Society, deliver an address at the regular annual 
meeting, and serve ex officio as a member of the Executive Committee. 

The Vice-President shall preside at business meetings and general sessions 
of the Society in the absence of the President and serve ex officio as a member 
of tihe Executive Committee. 

The Sectional Chairmen shall preside at sectional meetings and serve ex officio 
as members of the Executive Committee. 

The Secretary-Treasurer shall keep the records of the^ Society; edit, publish, 
and distribute the Proceedings and other publications ; mail to members a call for 
papers for the annual meeting at |east 30 days prior to closing date for acceptance 
of papers, and at least 3 months '"prior to annual meeting shall request of mem- 
bers suggestions regarding nominations, matters of policy and general welfare of 
the Society ; serve ex officio as a member of the Executive and Program Com- 
mittees; collect dues from members, and conduct the financial affairs of the 
Society with the aid and advice of the chairman of the Executive Committee. 

Restate Section 3 as follows and renumber as Section 2 : 

Section 2 — Executive Committee: There shall be an Executive Committee 
consisting of the retiring President, who shall be chairman, the President, the 
\^ice-President, the Sectional Chairmen, the chairmen of regional groups, the 
Secretary-Treasurer and two members elected at large for terms of two years 
each, retiring in alternate years. This committee shall act for the Society in the 
interim between annual meetings ; shall fix the date for the annual meeting ; 
shall present at each annual meeting nominees for members of the Nominating 
Committee ; shall act on admission of all associate members, regional groups and 
junior branches and in special cases may elect to voting membership persons of 
high qualifications but otherwise ineligible; shall consider matters of general 
policy or welfare of the organization and present its recommendations at the 
annual meeting of the Society. 

Combine Sections 2 and 4 and renumber as Section 3. 

Section 3 — Nominating Committee: There shall be a committee on nominations 
consisting of two members from each of the sectional groups who shall be nomi- 
nated by the Executive Committee and elected by ballot at each annual meeting 
of the Society, It shall be the duty of this committee, at the following annual 
meeting to present a list of nominees for the various offices, committees (except 
the Nominating Committee), representatives, and sectional chairmen who shall 
be selected after consultation with the sections. This committee shall also nomi- 
nate referees and alternates upon si^ial subjects of investigation or instruction 
which may be referred to it for consideration by this Society. The duties pijthese 
referees shall be to make concise reports upon recent investigations or methods 
of teaching in the subjects assigned to them and to report the present status of 
the same. ' ' 

A<M at etid of Section 5 the following specific duties of the Program Committee, 
and renumber as Section 4. Hew material added to this section is in italits. 
Section 4-~PrD,q'rflm Committee: There shall be a Committee on Program, 



consisting of five (5) members, of which the Secretary shall be one. This com- 
mittee shall have charge of the scientific activities of the Society, except as other- 
wise ordered by the Society. It shall receive titles and arrange the program of the 
annual meeting; arrange symposia; accept or reject titles and may invite non- 
members to participate. 

Add at end of Section 8 the following specific duties of the Editorial Committee, 
and renumber as Section 5. New. material added to this section is in italics. 

_ Section 5 — Editorial Committee: There shall be an Editorial Committee con- 
sisting of five members; One member shall be elected each year to serve for five 
years. It shall be the duty of this committee to formulate the editorial and publi- 
cation policies of the Society; to assist the Secretary in reviewing and editing 
papers and shall have final authority to reject any paper deemed not worthy or 
unsuitable for publication in the Proceedings. 

Restate Section 9 as follows and renumber as Section 6. 

Section 6 — Membership Committee: There shall be a committee on member- 
ship whose duties shall be the promotion of membership in the Society. 

Set up the Auditing Committee as a standing committee under Section 7. 

Section 7 — Auditing Committee: There shall be a committee to audit the books 
of the Society and report their condition at each annual meeting. 

Restsite Section 10 and renumber as Section 8. 

Section Z^Committee On Local Arrangements: There shall be a committee 
on local arrangements who in cooperation with the Secretary-Treasurer will have 
charge of all local arrangements for the annual meeting- 

Restate Section 7 and renumber as Section 9. 

Section 9 — Quorum: Ten members of the Society shall constitute a quorum 
for the transaction of business at a regularly called meeting of which at least 
30 days notice shall have been given to members. 

Restate Section 6 and renumber as Section 10. 

Section 10 — Annual Dues: The annual dues of the Society shall be five dollars. 

New Section. 

Section 11 — Amendment To The By-Laws: The by-laws may be amended at 
any regular meeting by a two-thirds vote of members present providing a copy 
of such amendment has been sent to all members at least 30 days prior to the 
meeting. 

New Section. 

Section 12 — Regional Groups: Upon the presentation of a petition signed by 
ten or more members of this Society residing within a stated region, the Execu- 
tive Committee may approve the formation of a regional group affiliated with this 
Society. Such group must elect as a minimum number of officers a chairman, a 
vice-chairman and a secretary and shall present an annual report to the Secretary- 
Treasurer of the national Society to include the names of its officials and a re- 
view of its meetings or other activities. 

Publication of this report in full or in part shall be made in the Proceedings of 
this Society. Papers presented at regional group meetings may be published on 
the same basis as papers presented at the regular annual meeting. 

New Section. 

Section 13 — Junior Branches: A student horticultural group at a college or 
university, operating under the supervision of a member or members of this 
Society, may organize as a Junior Branch of the American Society for Horti- 
cultural Science upon approval of the Executive Committee and the ^yment of 
an annual fee of five dollars for the branch. Each branch shaU receive a copy 
of all publications of the Society. Such a branch shall elect a chairman, a 
vice-chairman and a secretary-treasurer and shall present an annual report of 
its activities to the national Secretary-Treasurer, Such groups may hold meetings 
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ill conjunction with the annual meetings of this Society and a report of such 
meetings, not including individual papers, may be included in the Proceedings. 

W. H. Alderman, Chairman 
V. R. Gardner 
H. C. Thompson 
S. H, Yarnell 
H. H. ZiMMERLEY 

, V. R. Boswell (President) ex officio 
H. B. Tukey (Secretary) ex officio 
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holding of these meetings. 
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tended a vote of thanks for the arrangements made in connection with facilities, 
rooms, etc. for holding these meetings and for the program in connection with 
the annual banquet. 

Resolved, that the Hotel Normandie be extended a vote of thanks for the 
facilities furnished and fine spirit of cooperation extended to us as guests in the 
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Resolved, that the American Society for Horticultural Science send a vote of 
thanks to the American Association for Advancement of Science and especially 
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Resolved, that a vote of thanks be extended to the Program Committee, and 
especially to Dr. F. E, Gardner for the fine program. 
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A Response of Apple Trees to Potash in the 
Champlain Valley of New York 

By A. B. Burrell and J. Carlton Cain, Cornell University, 
Ithaca, N. Y. 

APPARENTLY there is no report in the literature of correcting leaf 
scorch of apple by potassium treatments in New York State. 
Reuther and Boynton (1) showed last year that a low potassium 
content of apple leaves is associated with leaf scorch in certain New 
York State orchards and are making further studies. The present study 
was independent in origin, but utilizes essentially the same methods 
of leaf-sampling and analysis as described by these workers; the 
chemical work was done in the same laboratory. 

For the past 14 years, leaf scorch and an unthrifty condition of the 
trees resembling the well-known symptoms of potassium deficiency, 
have been observed in certain Champlain Valley apple orchards. The 
symptoms have been fairly common some years on young trees not 
yet in bearing or on trees just commencing to bear and usually have 
disappeared as the trees have become older. Frequently the affected 
trees have been on light soil, on shallow soil, or on soil imperfectly 
drained, but occasionally they have been growing on the better soils 
of the region. The degree of severity has been extremely variable 
from tree to tree and from year to year. Symptoms have been more 
common under systems of soil management involving cultivation and 
liberal inorganic nitrogen applications than where manure or hay 
mulch are used freely. In some cases, these symptoms fonnerly w^ere 
complicated by those of boron deficiency, which now has been over- 
come, facilitating the study of the response to potassium. This report 
deals exclusively with the variety McIntosh, although the difficulty also 
has been noted on other varieties. 

On the worst untreated trees, the symptoms are expressed in all of 
the above-ground parts. The whole tree is dwarfed, terminal growth 
slight, apart from occasional water-sprouts, and twigs are thin. Leaves 
show marginal scorch, brownish stain, and slight curling; in late 
summer there is some yellowing and defoliation. Fruits on the 
branches with severe leaf scorch are small, and tardy in developing 
red color ; if red eventually develops it is dull and purplish instead of 
bright. No study was made of the condition of the roots. 

In previous, unpublished tests, this form of leaf scorch was over- 
come by keeping the trees under any of the following situations for 
several years: (a) heavy annual ring of barnyard manure; (b) heavy 
hay mulch; and (c) serious deficiency of nitrogen whether or not 
potassium was applied. 

Soil Characteristics and Management 

The two experiments to be reported were located about one fourth 
mile apart in a commercial orchard near Peru, Clinton County, New 
York. The soil is mapped as Coloma fine sandy loam. It is of glacial 
origin, usually slightly to moderately acid throughout the proffle, of 
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only moderate fertility, and underlaid at depths varying from 4 to 
6 feet with umveathered till which limits the depth of root penetration. 
Sometimes fragments of limestone are found at about the lower limit 
of root penetration. There is appreciable variation within the area so 
mapped, in acidity, physical characteristics and crop-supporting ability. 
Throughout the orchard, 20 per cent superphosphate has been broad- 
cast about once in three years at the rate of 300 pounds per acre. 
Nitrogen has been used liberally in a ring about the trees. Early- 
season cultivation has been practiced about one-third of the years ; the 
orchai'd floor has been covered with grass-clover sod other years. 
\Vhile the cover crop never has been removed, the amount produced 
has not been large in the experimental areas, and little or no mulch 
has been brought in from the outside. The land has been farmed fqr 
about a century. Occasional clover and alfalfa plants show symptoms 
closely resembling those published for potassium deficiency. 

Experiment I 

At the north edge of a block of McIntosh trees set in 1930, there 
is an area of about Ys acre comprising about eight trees in each of 
three consecutive row^s where the trees always have grown poorly. 
For several years, they have shown abundant leaf scorch and 
stunted, thin twigs as described in a preceding paragraph. Production 
has been limited to a few small, pale apples of little or no commercial 
value. A few of the trees have been judged beyond hope, and replaced. 
The cover crop is correspondingly poor. Apparently-normal trees with 
possibly five times the bearing surface surround this area on three 
sides except for occasional specimens showing variable amounts of 
leaf scorch. The infertile area extends irregularly into a younger block 
to the north. The surface soil is a sand of dark color which may at 
some time in the past, have been poorly drained, though it is not notably 
so now. The infertile area is near the bottom of a long gentle slope, 
but the superiority of trees at a still lower level where the soil seems 
wetter suggests that inadequate drainage is not the decisive factor, if 
indeed drainage is inadequate. 

The general summary of treatments and results is contained in 
Table I. Four of the worst trees, well distributed in the area of poor 
soil, were chosen for treatment. Potassium was applied in a trench a 
foot wide, encircling the tree about 2 feet from the trunk. The bottom 
of the trench was in contact with apple roots, generally 4 to 8 inches 
below the surface. The first application, consisting of 3 pounds of 
sulfate of potash per tree on two trees, and 1 pounds each of sulfate 
and muriate of potash on each of the others, was made on May 17, 1939 
when the blossom buds were showing pink and commencing to sepa- 
rate from the cluster. The regular fertilizer grades of material were 
used. There was good rainfall for the next two months, after which a 
rather severe drouth continued until mid-September. No effects of the 
treatment were apparent the first year. On June 14, 1940, the treat- 
ments were repeated except that 3 pounds of sulfate of potash was 
applied on each of the four trees. After May IS there was good rainfall 
throughout the growing season of 1940. 
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TABLE I — Effect of Potassium Treatments on Condition and 
Chemical Composition of McIntosh Apple Foliage 
(Experiment I) 


Location 

Treatment 

Scorchf 
July 23. 
1940 
(Per 
Cent) 

General Condition 
September 20, 1940 

Leaf Composition 
j September 18-21, 1940 

1939 

(Pounds) 

1940 

(Pounds) 

Ash 

(Per 

Cent) 

K in 
Ash 
(Per 
Cent) 

K in Drj^ 
Matter 
(Per 
Cent) 

I*-71t-26§ 

None 

None 

72.3 








I -71-27 

None 

None 

62.1 

1 Scorch severe; some 

7.55 

4.36 

0.33 





\ twig growth 




I -72 -25 

None 

None 

91.7 








I -72 -27 

None 

None 

80.8 

J Scorch severe; some 

6.52 

3.88 

0.25 

I -72 -28 

None 

None 

69.2 

1 twig growth 
f Scorch very severe; lit- 

5.72 

5.22 

0.30 





\ tie growth 




I -73 -25 

None 

None 

89.9 


— 

— 

— 

I -73 -26 

None 

None 

74.5 

1 Scorch severe 

6.52 

4.14 

0.27 

I -73 -29 

None 

None 

26.6 




— 

I -71 -28 

3K,SO, 

3KaS04 

5.2 

Good response 

6.78 

22.25 

1.51 





Scorch on a few twigs 




I -72 -26 

SKaSO^ 

3 K.S 04 

6.7 

Excellent response 

6.78 

18.20 

1.24 

I -72 -29 

IHKCl 

3K,S04 

11.7 

Excellent response 

6.43 

16.20 

1.10 


1/^ 








K,S04 







I -73 -28 

IJ4KCI 

3K,S04 

21.6 

Pair response 

6.81 

17.94 

1,22 


VA 



Scorch on several weak 





K»S04 



branches 




0 -70 -28 

None 

None 

2.2 

Normal 

6.81 

9.S6 

0.65 

0 -72 -30 

None 

None 

Low 

Normal 

5.96 

9.64 

0.58 

0 -74 -27 

None 

None 

Low 

Nonnal 

6.76 

1 7.23 

0.49 

0 -74 -28 

None 

None 

1.2 

Normal 

— 

1 

— 


*I «= inside, O “outside infertile area. 

tBased on examination of the leaves on 50 spurs per tree. 

jRow number. 

§Tree number. 

As far as possible, shoot leaves free of scorch were used for chemical 
analysis. However, on some of the untreated trees it was necessaiy 
to use some spur leaves, and some showing scorch in order to have 
each branch represented in the composite sample of 100 leaves for 
the tree. 

Results : — ^By July 23, 1940, a conspicuous change had occurred in 
the treated trees. They had made more growth, the leaves showed a 
darker green color, and were conspicuously less affected by scorch 
than in the case of the untreated trees in the infertile area (Table I) . 

The amount of scorch was not quite as low on the treated trees as 
on the untreated normal trees just outside the infertile area. This is 
largely due to the persistence of poor growth and severe scorch on 
certain branches of the potassium-treated trees. These trees had been 
sickly for several years and had developed relatively little new wood 
outside the black-heart that appeared in all apple trees in the region 
during the severe winter of 1933-34. In some of these branches, the 
wood has commenced to decay. It is possible that these branches have 
lost their ability to respond to cultural treatments and must be pruned 
out. 

As shown in Table I, the per cent of ash does not differ greatly 
from tree to tree and such differences as exist are not correlated with 
treatment. Since the trends are identical whether the potassium is 
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based on ash or dry matter, only the latter will be mentioned in the 
discussion which follows. 

The untreated trees within the infertile area are exceptionally low 
in potassium content ranging from 0.25 to 0.33 per cent, and averaging 
less than one fourth as much as the four corresponding treated trees. 
The normal untreated trees outside the infertile area show about 
twice as much potassium as the untreated trees in the infertile area, 
but only half as much as the treated trees. All treated trees were in 
the infertile area. The failure to eliminate scorch completely by a treat- 
ment which raised the potassium content of the tree as a whole to the 
extent indicated, is believed due to the unhealthy condition of the 
tissues in certain branches, described above. The potassium content 
of the leaves on these poor, non-responsive branches was not deter- 
mined separately, but leaves from such branches were included in the 
composite leaf sample for the whole tree. 

Experiment II 

This simple trial was started in the spring of 1938 because the trees 
in this part of the orchard seemed less vigorous than they should have 
been in consideration of the nitrogen they were receiving; in a very 
few instances they showed leaf-scorch and staining as described in the 
introduction to this paper. The trees were set in 1931. While the soil 
is not highly fertile, it is not conspicuously poor, as was the case in 
Experiment I. Trees and cover crop had made fair growth. 

The treatments, observations on tree responses, and results of 
chemical analyses are summarized in Table II. All 85 trees in row 29 
received liberal applications of potassium and phosphorus in the spring 
of each of the past three years ; details of the treatment appear as a 
footnote to the table. Around trees 66 to 85 inclusive, half of the 
fertilizer was applied in five or six shovel-holes about 2 feet from the 
trunk and 8 inches deep, while the other half was spread in a ring 
about 8 inches wide between the holes. On the remainder of the row 
all material was spread on the surface, in a band about 8 inches wide 
two feet from the tree trunk. The adjacent row on either side served 
as a check. 

Results : — No response to treatment was noted previous to 1940, 
even where part of the material was applied in holes in contact with 
tree roots. In the fall of 1940, most rows in this part of the orchard 
contained four to eight trees showing severe scorch and several others 
with slight scorch. The only row with no scorch on any tree was the 
treated row, 29. Two of the most severely scorched trees in row 28, 
and two in row 30 were chosen for comparison with the nearest com- 
parable tree in row 29. Observations recorded in Table II show that 
each scorch tree was inferior in fruit size and color to the comparable 
treated tree. Among these trees showing scorch plus reduction in fruit 
size and color the potassium content of the leaves was low, the lowest 
values being for trees with the most severe symptoms. The treatment 
increa^ the potassium content by oyer 200 per cent. Under the 
conditions of this test, the response to potassium was not apparent 
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TABLE II — Effect of Potassium Treatments on Condition and Chemi- 
cal Composition of McIntosh Apple Foliage and on Condition 
OF Apple Fruits (Experiment II) 



Treated* 

or 

Untreated 


General Condition 

September 21, 1940 

Leaf Composition 
September 21, 1940 

Location 

Set 

Fruit Size 

Fruit 

Color 

Leaf 

Scorch 

Ash 

(Per 

Cent) 

K in 
Ash 
(Per 
Cent) 

Kin Dry 
Matter 
(Per 
(ient) 

28t— 9 

Untreated 

Good 

Small 

Pale 

Severe 

6.96 

3.79 

0.27 

29 — 9 

Treated 

Good 

Large 

Good 

None 

6.85 

15.44 

1,06 

30 —30 

Untreated 

Good 

Medium- 

small 

Fair 

Moderate 

7.51 

5.02 

' 0.38 

29 —31 

Treated 

Pair 

Large 

Good 

None 

6.73 

17.83 

1.21 

28 —47 

Untreated 

Fair 

Medium- 

small 

Pale 

Slight to 
moderate 

5.90 

7.69 

0.46 

29 —47 

Treated 

Good 

Medium 

Good 

None 

6.65 

19.22 

1,28 

30—58 

Untreated 

Good 

Small 

Pale 

Moderate 
to severe 

7.07 

3.55 

0.25 

29—68 

Treated 

Good 

Large 

Fair 

to 

good 

None 

7.15 

11.39 ' 

0.82 

28 — Compositet 

Untreated 

Pair 

to 

good 

Medium 
to large 

Good 

None 

6.62 

9.91 

0.66 

29 — Composite 

Treated 

Fair 

to 

good 

Medium 
to large 

Good 

None 

6.56 

16.09 

1.06 

30 — Composite 

Untreated 

Fair 

to 

good 

Medium 
to large 

Good 

None 

6.64 

8.13 

0.54 


♦Treatments: May 18, 1938: 5 pounds muriate of potash; 5 pounds 32 per cent superphosphate. 
April 21, 1939: 3 pounds sulfate of potash; 5 pounds 32 per cent superphosphate; May 3, 1940: 
2 pounds muriate of potash; 5 pounds 20 per cent superphosphate. 

tEach composite sample from about 30 trees was collected October 13, 1940. 

$Row and tree number, 

any sooner where the material was placed in holes, than where it was 
spread on the surface. 

The response of the trees is believed due to the potassium rather 
than to phosphorus applied to the same trees since the symptoms are 
typical of potassium deficiency, and since they coincide with those in 
Experiment I, in which the only differences w^ere in the potassium 
supplied. Whether there was brighter fruit color on the potassium 
treated row than on the trees without marked scorch in the untreated 
rows, is uncertain. 

The lower part of Table II indicates that the potassium content of 
shoot leaves from the 30 north McIntosh trees in the treated row was 
higher than that in either untreated row even though trees showing 
scorch were omitted in the sampling. Apart from a few scorched trees, 
the fruit color was good in the north end of each row whether potas- 
sium was used or not. 

Discussion 

Taken as a whole the data presented are considered to shovr a 
response of apple trees to potassium. It is not known why the response 
was not apparent until the second year in Experiment I, and the third 
year in Experiment II, but such delay seems characteristic of potash 
experiments with fruit trees (3). 
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The absolute values for potassium content on untreated trees with 
and without scorch respectively, are lower than those usually found 
in the United States (1, 2). Possibly this would be expected for the 
trees showing scorch in view of the moi*e extreme symptoms descidbed 
including reduction of fruit size and impairment of fruit color. No 
effect on fruits was recorded by Reuther and Boynton (2). However, 
the later date of sampling may account for part of the difference as 
these workers showed that the potassium content of the leaves may 
decrease during the summer. 

The only positive cases of poor fruit size and color were associated 
with severe scorching of the leaves. Usually the larger brighter, redder 
apples were borne on the trees and branches showing little or no 
scorch, while the smaller, duller greener ones wxre on branches or 
spurs showing serious scorch. The active leaf area was cut drastically 
by the scorch and unthriftiness of these trees and branches. These 
experiments do not prove whether the inferiority of the fruit was 
purely a result of decreased leaf area, or whether some more direct 
effect of potassium deficiency on color also was involved. 

The complications that arise from spraying for disease and insect 
control deserve consideration. This orchard had sprays both of lime 
sulfur plus lead arsenate and of flotation sulfur plus lead arsenate. 
Both lime sulfur and the soluble product of the decomposition of lead 
arsenate are more injurious on devitalized trees, especially if some 
necrosis already is present. Thus it is possible that the difference in 
amount of leaf-scordi between the potash-deficient trees and the others 
may have been exaggerated. However, the potassium deficiency is 
believed to have been the more important factor because the main 
symptoms are those well established as due to potassium deficiency and 
because similar scorch was severe on some little-sprayed young trees 
adjoining Experiment I. Spray injury does not cause the type of 
brownish staining mentioned as a symptom of potassium deficiency. 

While it is not impossible that the presence of black-heart from 
winter injury may have been a contributing factor, it is not believed 
to have been of major importance since numerous young trees not 
present when the severe winters occurred, and believed to be relatively 
free of black-heart, showed severe scorch of this type. 

Not enough information is yet available for a dependable appraisal 
of the effect of these treatments on yield. 

Conclusion 

Although evidence here presented is believed to show that on 
certain trees potassium treatments improved the general health, greatly 
reduced leaf scorch, and improved the color and size of fruits, it 
would be inappropriate to suggest the general use of potash fertilizers 
in Champlain Valley apple orchards. This 1940 response may or may 
not be sustained in future years. Furthermore, it was obtained only 
on rather young trees showing a particular set of symptoms, on spils 
below average in fertility^ and in an orchard where the liberal use of 
nitrogen and failure to import Hay mulch or manure favored the 
develc^ment of potassium deficiency. These specific symptoms are 
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unusual on trees in full bearing in the region, and are not general in 
the young orchards. The results were sufficiently clear-cut, however, 
to justify wider experimentation with potash especially on the younger 
trees. 
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Studies with Bitter Pit of the Apple 
By Robert M. Smock, Cornell University, Ithaca, N. Y. 
Abstract 

This report will be published in full as a Cornell Memoir. 

A pplications of nitrogen during the growing season to trees 
- at a low level of nitrogen nutrition increased bitter pit suscepti- 
bility. These nitrogen applications increased the osmotic concentration 
of the leaves more than it did that of the fruits. Ringing of limbs 
after bloom increased susceptibility. Ringing increased the osmotic 
concentrations of the leaves more than it did that of the fruits. 
Defoliation of single limbs greatly reduced susceptibility to bitter pit. 
This treatment removed leaf-fruit competition for water. Partial 
pedicel girdling increased susceptibility. This treatment increased the 
osmotic concentration of the leaves at the expense of nearby fruits. 
Heavy thinning increased susceptibility. This also increased leaf 
osmotic values more than it did fruit values. Shading of single limbs 
increased susceptibility. The thesis is presented that bitter pit sus- 
ceptibility is increased by any field or tree treatment that increases 
leaf osmotic values at the expense of fruit osmotic values. 

Delayed storage hastened the appearance of bitter pit in stored fruit. 
Controlled atmosphere storage delayed the appearance of bitter pit 
but did not reduce its final amount. Waxing of fruit prior to storage 
significantly delayed its appearance. The use of high relative humidi- 
ties in storage materially delayed or checked the appearance of this 
trouble on highly susceptible fruit. 



Water Culture Experiments on Molybdenum and 
Copper Deficiencies of Fruit Trees ‘ 

By D. R. Hoagland, University of California, Berkeley, Calif. 

T he evidence now available that boron, manganese, copper, and 
zinc are indispensible for the growth of higher plants is so impres- 
sive that a reasonable argument might be made that it is no longer 
worthwhile merely to demonstrate the essentiality of these elements 
for additional species of plants. With regard to boron and manganese 
it is probable that this point of view would receive wide acceptance, 
but some writers still seem to reserve conclusions as to the universality 
of a requirement of copper and zinc for plant growth. As for molyb- 
denum, evidence of its essentiality for higher plants is recent and 
restricted to a small number of species, so that experiments on the 
need for this element by additional species of plants will serve a useful 
purpose. 

Another objective in conducting experiments on copper with fruit 
tree species is to gain further evidence that the diseases of fruit trees 
under field conditions which are cured or prevented by applications of 
copper compounds are in fact copper deficiency diseases. The same 
question ai'ose earlier in studies of the “little-leaf” disease in its relation 
to zinc. At first the possibility was envisaged that the beneficial effects 
of zinc might be due to the neutralization in the soil, or in the tree, of 
toxic substances generated in the soil. The doubts now seem to be 
resolved and the disease in question can be referred to as a zinc 
deficiency disease (without excluding some evidence that microbio- 
logical activities in certain soils may lead to disturbance of zinc avail- 
ability or absorption by the roots). In reaching the present view, con- 
trolled water-culture experiments were helpful (4). Symptoms in 
apricot seedlings very like those of “little-leaf” in fruit trees in the field 
were produced when zinc was deficient in the nutrient solution. The 
results of the experiments with apricot seedlings have been confirmed 
in culture studies with myrobalan plum seedlings. 

The present series of experiments was carried on in the seasons of 
1938 and 1940, Myrobalan seedlings were grown in nutrient solutions 
contained in 4 liter pyrex beakers with plaster of pans covers in which 
the seedlings were supported- These covers were either impregnated 
with paraffine or coated with asphalt paint. In the latter case the top 
and sides of the covers also received a coat of aluminum paint. The 
basic nutrient solution was as follow^s: Ca(N03)2, .005 M; KNO3, 
.OOSM ; MgS04, .002M ; KH2PO4, .001 M. 

The salts were repurified as described by Stout and Arnoii (6), and 
water redistilled in a pyrex glass still was used. Solutions were changed 
several times during the season and additional amounts of KNO3 
added when analysis of the solutions indicated that nitrate was near 
depletion. Purified iron salt was added to the basic solution at frequent 
intervals and various combinations of other micronutrient elements 

^Acknowledgment is made of the expert assistance of A. H. Furnstal in con- 
ducting these experiments. 
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initially and whenever solutions w’-ere changed. An acid reaction was 
maintained in the solutions most of the time, usually a little below 
pH 6, by adding suitable amounts of H2SO4 when necessary for 
adjustment of reactions. Solutions vrere well aerated by continuous 
bubbling of air through sintered pyrex glass aerators. The greatest 
difficulty encountered was in protecting the plants against attacks of 
red spider. For obvious reasons the use of chemical sprays was not 
advisable. A considerable measure of control was effected by thorough- 
ly spraying the plants daily with redistilled water. 

In the first copper deficiency series, there was added to the basic 
solution, B, Zn, Mn, Mo, Ti, V, Cr, W, Co, Ni (compare Arnon (2) ) 
with varying amounts of Cu from 0 to 0.1 parts per million (Fig. 1). 
Definite deficiency symptoms were observed in all cultures except the 
one to which the highest amount of Cu was added and even in this 
case there w^as doubt that the amount of Cu added was optimal. 
Comparison of plants growing in a parallel series of zinc deficient 
solutions suggested that 
the requirement for Cu 
was higher than that for 
zinc. 

The most characteris- 
tic symptom of deficiency 
was the dying of the 
twigs from the tip, ap- 
parently very similar to 
the effect described by 
Oserkowsky and Thom- 
as (3) in the report of 
their study of exanthema 
of pear trees in the field. 

Dwarfing and chlorosis of 
leaves, with occasional 
tufting, had some resem- 
blance to effects of zinc 
deficiency, but the zinc 
deficient plants did not 
show the same dying of 
the shoots. At early 
stages of growth some 
copper deficient leaves 
showed a slight purple 
tint; later they became 
pale, but no extreme 
chlorosis was observed. 

The experiment of 1940, 
in which the basic solu- 
tion was modified to in- 
clude a small proportion ^ Comparison of Myrobalan seedlings 

of ammonium nitrogen, grown in solutions with 0.01 parts per 

gave similar results. The million Cu and 0.1 parts per million Cu. 
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Fig. 2. Illtistrating requirement of Mo for normal growth of Myrobalan seed- 
lings. December 15, 1939 — stratified seeds; April 1, 1940 — ^planted small 
seedlings ; solution changed one time. 


foliage was of good color when 0.2 parts per million of copper was 
added to the nutrient solution, but 0.05 parts per million was not 
sufficient to maintain healthy plants. The view expressed by Oser- 
kowsky and Thomas (3) that the exanthema disease studied by them 
under field conditions is caused by copper deficiency would be sup- 
ported by the present experiments. 

In 1938 an experiment was made to compare solutions containing 
Cu, B, Mn, Zn (A4, Arnon (2)) with solutions containing Cu, B, 
Mn, Zn, Mo, Ti, V, Cr, W, Co, Ni, (A4B7, Arnon (2) ) and these 
solutions were compared with two others, one containing minute 
amounts of eight elements in addition to the A4B7 group and the 
other IS additional elements (compare Hoagland and Snyder (5)). 
The solutions to which either the A4B7 elements or the group of 
26 elements were added produced markedly better growth of the seed- 
lings than did the other two solutions. The color of the leaves was 
also deeper green. One element added to both the superior solutions 
and not to the others was molybdenum. Meanwhile Arnon and Stout 
(1) had augmented their evidence that molybdenum is an essential 
element and in 1940 another experiment was carried out with myro- 
bolan seedlings to make a specific test of this element. (The basic 
nutrient solution contained a small proportion of ammonium nitrogen) . 
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Fig. 3, Showing injury and dwarfing of leaves caused by Mo deficiency. 


Five replicate cultures were set up for each treatment with three plants 
grown in each 4-liter beaker. The effect of molybdenum was of con- 
vincing magnitude, despite the large variability of individual plants 
(Fig. 2). Only one plant out of 15 growing in the minus Mo culture 
solution failed to show clearly evidence of nutrient deficiency. In 
plants showing deficiency symptoms leaves were dwarfed; some had 
a diffuse mottling, apart from insect injury which was present, and 
many developed light brown areas of dead tissue at tips and margins 
(Fig. 3). The symptoms of deficiency were distinguishable from those 
caused by zinc or copper deficiency. Additional evidence is thus pro- 
vided for the essentiality of molybdenum. 

Finally, as a qualitative observation, only suggestive in nature, it 
was noted in experiments conducted both in 1938 and 1940, that in 
the latter part of the season, the plants growing in the solution con- 
taining 26 elements added to the basic solution appeared superior in 
growth and in color of leaves, to those growing in solutions with only 
the five elements, B, Cu, Mn, Bn and Mo added. 

In one experiment not now described in detail, made with seedlings 
from a different source, there was evidence in the latter part of the 
summer of browning of tips of many leaves of plants growing in the 
culture containing the five elements mentioned, which was almost 
absent from plants having access to the larger number of elements 
derived from the 26 element supplementary solution (B, Cu, Mn, Zn, 
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Mo, As, Ba, Cd, Bi, Rb, Cr, F, Rb, Hg, Se, Sr, W, V, I, Br, Al, Ti, 
Sn, Li, Ni, Co ) . It is true that tomato, lettuce and various other species 
of plants carefully studied have not so far been demonstrated to have 
a requirement beyond that of B, Cu, Mn, Zn and Mo, in the list given 
above, but conclusions with regard to the number of essential elements 
are only relative to requirements of plants and uncontrolled impurities 
in the culture solutions. The possibility is not excluded that additional 
elements may be shown to be essential. 
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The Nitrogen, Phosphorus, and Potassium Content of 
Peach Leaves as Influenced by Soil Treatments 

By J. G. Waugh and F. P. Cullinan, U, S. Horticultural Station, 

Beltsvillcj Md. 

S tudies were continued during the past season on the response 
of peach trees to potassium under field conditions, as determined 
by foliar analyses. It had been observed that leaves on 5- to 8-year-old 
trees, previously found by foliar analyses to be low in potassium, were 
not only smaller in the early part of the growing season than compar- 
able leaves on trees receiving potassium fertilizer but had the color and 
characteristics of trees low in nitrogen. Since analyses made previously 
on the trees under study in the field (2) had been concerned with 
potassium only, it w^as deemed advisable to study the N-P-K relation- 
ship in these trees. Similar studies had been made previously with 
1 -year-old trees in sand culture in the greenhouse (1). 

The trees used in the studies reported here were Elberta peach in 
their ninth growing season in an orchard at the United States Horti- 
cultural Station, Beltsville, Maryland, on a Sassafras gravelly loam 
soil. These trees had been grown under different systems of soil 
management for the past 8 years. In late April 1940, crude potassium 
nitrate containing 13 per cent nitrogen and 43 per cent potassium 
was applied to alternate or buffer rows of trees which also had had 
this same treatment in the two previous years, while nitrate of soda 
alone was applied to all trees in the adjacent rows under a differential 
cover-crop treatment. The quantity of nitrogen applied to all trees 
was the same; thus 2^ pounds of nitrate of soda (16 per cent N) 
and approximately 3J^ pounds of potassium nitrate (13 per cent N) 
were broadcast under the spread of the branches. In addition, 250 
pounds per acre of a S-8-'5 fertilizer had been used each season in 
the tree middles on the spring cover crops and legume sods, and a 
similar amount used with the winter cover crop of rye and vetch. 

Samples of leaves, making up a composite sample of 50 to 75 leaves, 
were taken from trees in each row. All leaves were full grown with 
the exception of those taken early in the season. They were collected 
at four periods during the growing season, taken to the laboratory, 
and dried and analyzed for total nitrogen, potassium, and phosphorus, 
using the methods previously described ( 1 ) . The analyses showing the 
N-P-K content of these leaves are given in Table L 

Results 

It will be noted under the plot treatment (Table I) that potassium 
was added to all of the even-numbered rows, while the adjacent odd- 
numbered rows did not receive potassium. There w^ere also two even- 
numbered plots that received manure but no additional potassium. 

The nitrogen values for leaves show no significant differences be- 
tween plots. Based on the leaf analyses, the trees in all plots that have 
received equivalent amounts of nitrogen appear to be adequately sup- 
plied with this element. Neither cultural treatments nor potassium 

13 
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TABLE I— Foliar N, P, and K Content of Nine-Year-Old Elberta 
Peach Trees in Percentage of Dry Weight 


Row 

Treatment 

June 25 

July 31 

September 3 

N I 

P 

K 

N 

P 

K 

N 

P 

K 

4 

Manure 

3.36 

0.24 

1.69 

3.03 

0.18 

1.31 

3.05 

0.15 

1.19 

6 

Cultivation +K 

3.33 

0.22 

2.03 

3.17 

0.18 

1.93 

3.19 

0.16 

1.79 

7 

Cultivation 

3.34 

0.25 

1.02 

3.04 

0.20 

0.86 

3.16 

0.18 

0.98 

8 

Lespedeza +K 

3.11 

0.21 

2.08 

2.93 

0.19 

2.12 

2.96 

0.17 

1.93 

9 

Lespedeza 

3.08 

0.25 

0.86 

2.79 

0.19 

0.72 

2.84 

0.17 

0.90 

10 

Sweet clover +K 

3.00 

0.22 

2.34 

2.91 

0.21 

2.28 

2.90 

0.17 

2.10 

11 

Sweet clover 

3.11 

0.24 

1.00 

3.13 

0.21 

1.05 

2,93 

0.17 

0.88 

12 

Soybeans 4-K 

3.33 

0.24 

2.01 

3.20 

0.20 

2.13 

3.23 

0.16 

1.81 

13 

Soybeans 

3.28 

0.25 

0.81 

3.14 

0.16 

1.02 

3.21 

0.15 

1.12 

14 

Buckvfheat+K 

3.37 

0.23 

1.79 

3.09 

0.18 

1.67 

2.97 

0.16 

! 1.65 

IS 

Buckwheat 

1 3.37 

0,23 

0.67 

3.18 

0.19 

0.71 

3.17 

0.18 

0,74 

28 

Buckwheat +K 

i 3.80* 

0.30* 

2.79* 

3.20 

0.18 

2.03 

3.24 

0.17 

1.88 

29 

Cultivation 

3.76* 

0.31* 

1.62* 

3,29 

0.23 

1.03 

3.51 

0.21 

0.90 

34 

Manure 

3.87* 

0.29* 

2.26* 

2.93 

0.17 

1.69 

3.04 

0.18 

! 1.12 


♦Samples for these analyses were taken May 11. 


application seemed to have a significant effect on nitrogen content. 
The samples of young leaves collected on May 11, about 3 weeks after 
full bloom, show the highest nitrogen content and there is the usual 
expected downward trend during the summer, although there is not 
a marked decrease even in the last sampling, made at harvest time. 
The two legume sod plots show lower nitrogen leaf content after mid- 
summer, but these differences are not significant. 

In contrast to the nitrogen, the potassium content of the leaves shows 
a very significant difference between rows. Leaves from all trees 
receiving potassium, regardless of management or cover-crop treat- 
ment, have in most cases twice the potassium content of the trees not 
receiving this element. The highest K leaf content of the latter trees 
is slightly over 1 per cent and on two plots, 9 and 15, the values at 
no time during the season were above 0.90 per cent. It has been shown 
with young peach trees (2) that a K leaf content below 0.90 is usually 
associated with marked symptoms of potassium deficiency. The only 
symptoms of this deficiency on the bearing trees here studied were 
that the leaves were smaller and slightly lighter in color on trees low 
in potassium. Leaves of trees in the manure plot were not as high in K 
content as those receiving potassium nitrate, but were of good size and 
color, indicating an adequate supply of K. 

The K value for the samples taken at three different periods shows 
a slight trend downward as the season advances. This has also been 
observed by Lilleland and Brown (3). The downward trend is shown 
more clearly where samples taken early in the season are compared 
with those taken later, as in plots 28 to 34 in Table I. These seasonal 
changes appear to be greatest with trees having the higher K content. 
This might be expected because of variation between trees high in 
potassium, while there would be less variation in the leaf content of 
trees growing at a low level of potassium. The effect of cultural treat- 
ment on K content does not seem to be significant. 

The phosphorus values, like those of nitrogen, do not show marked 
differences between plots and no significant relationship to potassium. 
The relative amounts in the leaves indicate an adequate supply for 
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the needs of the tree and are comparable to the quantities found in the 
leaves of young peach trees making good growth in nutrient solution 
containing 10 to 20 parts per million of P (1 ). The phosphorus content 
of the leaves shows a significant downward trend as the season 
advances. 

Since plots 6 to IS were suitable for statistical treatment, an analysis 
of variance was made on these plots. The results of analysis of this 
part of the data agree with the conclusions drawn from direct inspec- 
tion of the entire data. 

The difference in growth rate and final size of the leaves of these 
bearing peach trees appears to. be due to the low potassium reserve in 
the trees when growth was initiated in the spring. No studies were 
made to determine what effect the low potassium had on carbohydrate 
synthesis. However, it was apparent from growth records that the 
trees adequately supplied with potassium had a much greater leaf 
area, made greater total growth, and formed a larger number of blos- 
som buds to a linear foot of terminal shoot growth. Fruit production, 
while influenced by plot treatment, was relatively higher on the ad- 
jacent plots receiving a potassium salt. 

Seasonal Uptake of Potassium by Low K Trees 

In order to determine the rate of potassium intake as measured by 
changes in the leaf content during the season, applications were made 
to 4- and 8-year-old trees after growth had started in the spring of 
1940. The trees selected were paired according to size. Potassium sul- 
phate was used as a source of potassium at the rate of 3 pounds for 
8-year-old trees and 2 pounds for 4-year-old ones. Nitrate of soda was 
used as a source of nitrogen for all trees. The nitrate was broadcast, 
while the potassium sulphate was spread in a similar manner in a 
surface application at two different periods: 10 days after full bloom 
(May 10) on the 8-year-old trees, and 42 days after full bloom (June 
12) on the 4-year-old trees. The application made on May 10 was 
followed by a light rain, and a heavy rain occurred 6 days later. No 
rain fell after the June 12 application until 13 days later. Qianges in 
the K content of the leaves as the season progressed are shown in 
Table II. 

There was apparently no significant difference in the K content of 
leaves of 4-year-old trees 2 weeks after application. This might be 
expected, since no rainfall had occurred between the time of application 
and the date of sampling. However, 7 weeks later the leaves of trees 


TABLE II— Changes in K Leaf Content From One Application <1940) 


Tree 

Age 

(Yrs.) 

Treatment 

Per Cent Potassium in Leaves 
(Dry-Weight Basis) 

May 10 

June 25 

July 31 

Septembers 

27-1 

4 

No potassium 

* * » * 


0,62 


27-2 

4 

2 pomxds KaSO* June 12, 1940. 

.... 

.71 

1.96 

1.96 

29-4 

8 

3 pounds K 3 SO 4 May 10, 1940. 



2.20 

2.20 

29-6 

8 

No potassium 

1 1.03 1 

1 .84 

0.62 i 

.50 
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receiving potassium showed three times as much potassium as the 
check and by September 3, four times that of the check. Similarly, 
leaves of the 8-year-old trees receiving potassium May 10 showed a 
significantly greater K content than the check, having by July 31 and 
September 3 three and four times, respectively, the K content of the 
leaves of the check tree. It will also be noted that the potassium 
content of leaves of trees receiving this element for only one season was 
almost as great at the time of fruit harvest (September 3) as that of 
trees receiving this element for 3 years. 

Discussion 

It is apparent that bearing peach trees growing in a soil with low 
available potassium may not show marked symptoms of potassium 
deficiency. This would be true under conditions when sufficient 
amounts of this element were available for growth but not adequate 
for optimum tree functioning. It is not known in the experiments 
reported here what percentage of the potassium in the salts applied 
to the soil was fixed. It is clear that the potassium content of the 
leaves was increased to three to four times that of unfertilized trees 
by surface application of 1.25 pounds of potassium to the soil. It is 
also not known whether a potassium reserve has been restored to the 
soil complex or whether further soil applications would be required 
annually to maintain available potassium to satisfy tree growth and 
maintain production. During the 3 years that potassium has been 
supplied there is no indication from the leaf analyses that there has 
been an increase in the build-up of K reserves in the tree. It is interest- 
ing to note that the trees receiving manure for an 8-year period show 
somewhat intermediate values between the trees receiving no potassium 
and those supplied with potassium salts. The slightly lower values for 
the manure plots may not be significant in view of the fact that they 
are the heaviest in production. 

In these bearing trees lack of potassium has significantly affected 
leaf size. This was readily apparent when adjacent treated and non- 
treated rows were compared. Symptoms of potassium deficiency were 
otherwise not clearly discernible, although there was a marked differ- 
ence in potassium content of the leaves as determined by chemical 
analyses. 
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Leaf Analysis and Apparent Response to Potassium 
in Some Prune and x4pple Orchards, 
Preliminary Report 

By Damon Boynton, Walter Reuther, and J. C Cain, 
Cornell University, Ithaca, Y. 

I N THE course of a study of the potassium level of fruit trees grow- 
ing on some important New York orchard soils (2), there were 
encountered instances of *‘leaf scorch” associated with very low potas- 
sium content of foliage. This paper is a preliminary report on the effect 
of potassium fertilization on leaf analysis and severity of leaf scorch 
symptoms in four prune orchards and two apple orchards whose trees 
were initially low in potassium and showed varying degrees of leaf 
scorch. 

Symptoms of Leaf Scorch in New York 

The general S 3 ^mptoms in New York prune and apple orchards seem 
to be similar to those described by Wallace (3). Leaves of affected 
Italian prune trees appear normal in spring and early summer. By 
mid- July leaves on some peripheral branches may begin to lose normal 
green color, usually fading first at the margins. As chlorosis progresses, 
the margins of older shoot leaves roll inward toward the upper surface. 
Finally, marginal necrosis appears (Fig. 1). On severely affected trees, 
almost all the leaves may show progressive development of these symp- 
toms. On moderately affected trees only the older leaves on peripheral 
branches may develop all stages of the symptoms. On slightly affected 



Fig, 1. Italian Prune branches from orchard showing scorch. Left to right: 
severely affected, moderately affected, normal. 
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trees, the symptoms may 
develop late, on outer 
branches only, and may 
not proceed beyond the 
‘‘leaf roir’ stage. The cu- 
mulative effects of severe 
scorch are decreased ter- 
minal growth, delayed 
fruiting of young trees, 
and marked dwarfness. 
Within an orchard on 
apparently uniform soil 
there may be marked 
differences in degree of 
scorching among the 
trees. 

The general symptoms 
are the same on apple 

trees. However affected 
leaves of variety Rhode 
Island Greening tend to 
fold at the midrib toward 
Fig. 2. Rhode Island Greening apple branches the upper surface rather 

from orchard showing scorch. Left, scorched, j.qJJ 2Y. 

right, normal. Leaves of variety McIn- 

tosh do not seem to fold 
or roll until after there is rather severe marginal necrosis ; the midribs 
of affected McIntosh leaves seem to be more reflexed than those of 
normal leaves. 

Methods 

In 1939, tests of response to potassium fertilization were begun in 
two 6-year-old Italian prune blocks which showed severe scorch the 
previous year. In 1940 the tests were continued. Those results, to- 
gether with results of tests on two other prune blocks and in two apple 
blocks, made in 1940, are summarized in Table I. 

In the five orchards listed first in Table I, from nine to 20 groups of 
two or three adjacent trees were selected for uniformity of size and 
degree of scorch previously exhibited. Within each group the trees 
were treated as stated in the table. The treatments in the sixth orchard 
(orchard M) were made to adjacent rows of 12 trees. 

Observations on development of symptoms were made about once a 
month during 1939 and 1940, and the severity of scorching on each 
tree was recorded twice during both summers. Composite leaf samples 
were taken for analysis from the trees of each plot twice during each 
growing season. Where it was possible, uninjured leaves of normal 
appearance were sampled. In no case were leaves showing more than 
5 per cent necrosis used. Typical data are presented in Table I, 

Discussion 

Table I shows the relationship between treatment with potassium 
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salts or manure, percentage potassium in the leaf samples, and apparent 
decrease of leaf scorch in these prune and apple orchards. There was 
less scorch and less severe scorch on trees fertilized with potassium 
or manure than on similar unfertilized trees. In all of the orchards, the 
percentage of potassium in the foliage seemed to be materially in- 
creased by application of K2SO4 or KCl to the surface of the soil. 
In any one orchard the leaf percentage of potassium was proportional 


TABLE I — Potassium Content of Leaves and Severity of Leaf Scorch 
ON Some Prune and Apple Trees Differentially Fertilized 
WITH Potassium Salts, 1939 and 1940 




Potassium Content 
of Leaves** 

Foliage Symptons in 
Late Summer! 

Year 

Treatment* 

Date 

K in Dry Matter 

Number Trees 
Showing Symptoms 


i 

Sampled 

(Per Cent) 

0-Trace Mild Severe 


H. 6~Year-Old Italian Prunes on Berrien Fine Sandy Loam, Cultivated 

1939 A lpotiiidK,SO4(40percent) Sep26t 1.56 12 7 1 

B 3 pounds ICaSO^ l.Sl 15 5 0 

C Check 0.73 8 6 6 

1940 A 1 pound KCl (60 per cent) AuglSJ 1.86 9 8 3 

B 3 pounds KCl 2.20 12 7 1 

C Check 1.13 2 7 11 

Ti. 6-Year-Old Italian Prunes on Collamer Silt Loamt Cultivated. Heavily Manured in May, jpsg 


1939 

A 1 pound KaSO^ 1 

Sep 25^ 

1 

11 


1 

0 


B 3 pounds KaS04 

2.46 i 

12 


0 

0 


C Check 


1.59 

9 


2 

1 

1940 

A 1 pound K Cl 

Aug 14 

1.97 

10 


2 ' 

0 


B 3 pounds K Cl 

2.12 

12 


0 

0 


C Check 


0.90 

3 


8 

1 


T 2 . 4 -Year-Old Italian Prunes on Dunkirk Gravelly Loam, CultivcUed 




A 1 pound K Cl 

Aug 14 

1.14 

5 


4 

1 8 

1940 I 

B 2 pounds K Cl 

C Check 


1.45 

0.98 

6 

1 


6 

3 

8 

1 8 


B. lO-Year-Old Italian Prunes on Granby Loamy, Fine Sand, Cultivated 


1940 1 

\ A 4 pounds K Cl 
i C Check I 

1 Sep 17 

1 2.31 

1 0.76 

3 

0 


& 1 
1 1 

! 0 

1 8 


G. 1 2-Year-Old R. I. Greening Apples on Worth Loam, Sod -f NaNOt 



1940 I 

A 6 pounds -{- 3 pounds K Clf 

Augiet 

1.32 1 

1 7 


3 1 


1 

C Check 


! 0.47 i 

1 0 


2 1 

1 8 


M. 3 -Year-Old McIntosh Apples on Dutchess Gravelly Loam, Cultivated 



1940 

A 1 pound KCl 

Cl Check 

Aug 27 

0.67 

0.36*** 

S 

1 


1 

4 

3 

7 


B 2 pounds K Cl 


0.85 

10 


1 

1 




0.36*** 

2 



6 


M Heavy manure mulch 


1.15 

9 


3 1 

0 


Ci Check 


0.36*** 

4 



3 

6 


*A11 fertilizer was broadcast in a fairly concentrated ring under the spread of the branches. 
Application was made in April unless otherwise not«i. . 

♦♦Samples consisted of 100 leaves, none of which showed more than 6 per cent necrosis. The 
samples were composited from leaves, selected at random locations on all the trees in a treatment in 
median positions on shoots, one leaf per shoot. They were dned to constant weight at 65 degrees C. 
The analyses were made by Hibbard and Stout 1933 method, expressed as elemental K. 

^Similar samples taken in these plots at earlier dates of 1939 and 1940 were very close in analy- 
sis to the figures presented here. .... . • r t 

§Scorings were made in mid-summer and again in late summer on the basis of the severity of 
rolling or folding of Ihe leaves and marginal necrosis of the leaves. Sconngs were nmde inde- 
pendently by at least two observers, , * T 

tS pounds K Cl was applied in Apnl; 3 pounds K Cl was applied in June. 

“^An^ysis of single composite leaf sample from rows C*, Ca, and C3. 



20 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


to the amount of fertilizer applied to the soil. Fixation did not seem to 
have prevented the movement of some of the applied potassium into 
the trees. 

The heavy manure application in May, 1939, to all trees of Orchard 
Tl, seemed to have increased the percentage of K in the leaves and to 
have decreased the amount of scorch. This is indicated by the fact that 
the potassium percentage in the check and B group leaf samples were 
lower in 1940 than in 1939 a few months after the application, and by 
the fact that the check trees showed much more leaf roll and chlorosis 
in 1940 than in 1939. The effectiveness of manure in raising the potas- 
sium level of foliage is also apparent in the data from orchard M where 
the highest leaf potassium level was in the manured row. The trees in 
that row showed less scorch than in any other row except the one 
fertilized with two pounds of KCl. This and some unpublished data 
support the conclusion of Wallace (3) and others that manure is a 
very effective source of potash for fruit trees. 

AVhile there seems to have been a reduction in scorch as a result of 
potassium application, the only instance of a complete disappearance 
of symptoms occurred in the case of the B group trees of orchard Tl 
which received a heavy manure mulch in 1939 as well as 3 pounds of 
potassium fertilizer annually. Whether or not the failure to cure scorch 
completely is due to a lag in the effectiveness of potash, like that found 
by Wallace (3), remains to be seen. Assuming that the partial effec- 
tiveness is due to lag, it seems likely that the lag is due to conditions 
within the tree rather than to unavailability of applied potassium. 
Thus even when the potassium level of the leaves in the B group trees 
of orchard H was raised to 2.2 per cent, eight of 20 trees showed some 
symptoms of scorch. 

The data of Table I, confirm the work of Lilleland and Brown (1) 
which indicates that the potassium content of prune leaves is normally 
above that of apple leaves, and that prune trees frequently show symp- 
toms of scorch when the potassium content of the leaves drops below 
2 per cent of dry weight. On the other hand, the apparent response of 
the apple trees in orchards G and M to potassium fertilization was 
accompanied by an increase in leaf potassium to a point within the 
range of 0.75 to 1.00 per cent of dry weight suggested by Reuther and 
Boynton (2) as a minimum range below which McIntosh apple trees 
frequently show scorch. 
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The Relation of Peach Root Toxicity to the 
Re-establishing of Peach Orchards 

By E. L. Proebsting and A. E. Gilmore, Utnversity of 
California, Davis, Calif. 

T he replanting of the same species of trees following the removal of 
an orchard has been recognized for many years as a hazardous 
undertaking. AVhile some instances of complete success are known, a 
high percentage of unsatisfactory orchards is produced. The problem 
has become acute in certain California peach districts where large 
acreages are approaching senescence. A study of the problem was 
undertaken in 1937. 

A study of the literature revealed a number of reports of the condi- 
tion, but yielded little information on diagnosis or control. Apples, 
cherries and peaches have received particular attention and apricots 
and prunes a lesser amount. Johansson (1) reported the use of various 
soil sterilizing agents, but success followed only the use of formalde- 
hyde. The New Jersey Station (3) seemed to have success with in- 
creased moisture in the B horizon and increased nutrient level, in 
replanted peach orchards. Wallace (5) found correction of nitrogen 
and potassium deficiencies to be insufficient in certain areas, and at- 
tributes the poor results to continued cultivation, with unsatisfactory 
physical condition of the soil a major factor. Verner (4) considered 
spray residues, specifically arsenic, to be a factor. Klaus (2) has 
summarized the literature, especially the German, in a recent paper. 

A survey of the important peach districts in California indicated 
varying success of replanted orchards, from complete success to fail- 
ure of a considerable proportion of the trees to grow. A typical differ- 
ence in growth of peach trees is shown in Fig. 1. These differences of 
behavior could not be correlated with climate, soil texture or obvious 
cultural practices. 

Experimental work was then started on the following hypotheses : 
(a) depletion of common 
nutrients, either by the 
preceding orchard or by 
soil organisms using root 
residues as a source of 
energy; (b) minor ele- 
ment deficiencies; (c) 
diseases developed on the 
initial planting and car- 
ried over to the next; 
and (e) direct toxicity of 
the roots or their decom- 
position products. 

Several fertilizer plots 
were laid out in districts 
where this trouble was 
common. Ammonium 
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Fig. 1. Two-year-old peach trees; left, in 
soil which has never grown peaches ; 
right, replanted after peaches. 
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sulfate was applied at rates varying from pound, placed in the hole 
at planting, to 20 pounds well distributed around the tree on the soil 
surface. Responses were obtained in some orchards, where there was 
nitrogen deficiency, but the basic difficulty was not overcome. Amounts 
of potassium up to 10 pounds K 2 SO 4 applied in various ways failed 
to give response. A few reports of response to bone meal in the holes 
were received, but even as much as 10 pounds of treble superphosphate 
produced no response in our trials. 

The use of Mn, Zn and Cu failed to stimulate growth. Trials of 
vitamin B 3 , indole-butyric acid and indole-propionic acid in various 
amounts and combinations also were without benefit. Peat moss was 
beneficial in some cases. 

While disease, particularly crown gall (Pseudomonas tiimefaciens) 
and oak rot fungus (Armillarea mellea), may be an important factor 
in the failure of certain replanted orchards, it by no means covers the 
case. The Division of Plant Patholog}^ has reported as free from para- 
sites specimens, obtained from replanted orchards of sub-normal 
development. 

These facts seem to relegate nutrition and disease to minor roles in 
the situation. The fourth hypothesis has been more productive, 

A comparison was made between peach seedlings grown in the 
greenliouse in 5 gallon cans of screened soil from a peach orchard in 
Sutter County exhibiting the trouble and from adjacent land not 
previously in peaches. No. significant differences in growth were ob- 
tained. When 500 grams of peach roots were added to virgin soil, how- 
ever, in similar containers, the following results were obtained: the 
total average shoot length per check tree was 481 centimeters, per 
treated tree 326 centimeters. The respective average weights were : 
check, 102.5 grams ; treated, 53.7 grams. The treated trees appeared 
normal in every respect except size. 

Another series of peach seedlings was planted in 3 gallon containers 
with soil plus roots of cherry, of apricot or of myrobalan in order to 
determine whether other stone fruits affected peach trees in the same 
manner. Average total shoot growth after growth had ceased was as 
follows: check, 206 centimeters per tree; as compared to 81, 109 and 
127 centimeters, respectively, when cherry, apricot and myrobalan 
roots were added to the soil. The effect of all of these roots was to 
reduce the growth of laterals rather than of the main stem. 

Conversely, almond, apricot and myrobalan seedlings were planted 
in the field where peaches had been removed, with peaches as checks. 
The unbudded seedlings of myrobalan made very strong growth, and 
those of almond and apricot, satisfactory growth. The common peach 
unsatisfactory. Vigorous oriental peach stocks 
(bhahl, Bokhara and Yunnan) are being tried, with good results, as 
seedlings. Budded material was also tried but is not far enough along 
to report. Some of the seedlings were budded to peaches, but as almond 
apricot and myrobalan are not dependable stocks for peaches the 
resulting growth was uneven. ' 

An apricot orchard planted, following the removal of a 40-year~old 
peach orchard, made up of alternating rows on apricot and peach root, 
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showed strikingly greater 
growth on apricot. Nor- 
mally, peach root gives a 
tree of as great vigor. 
The average circtimfer- 
ence of 360 trees on 
peach was 46.9 centime- 
ters and of an equal num- 
ber on apricot, 52.3 centi- 
meters at 9 years of age. 
This shows the persist- 
ence of the effect into 
maturity. 

Having found that 
peach root residues were 
effective in reducing 
growth, bark and wood 
of peach roots were sepa- 
rated, dried, and after 
grinding were added in 
varying amounts to cul- 
tures of peach seedlings. 
In one set of experiments 
bark or wood from the 
roots were added in 10- 



and 20-gram portions, : 

distributed just above the 2. Peach seedlings grown in sand cul- 

root area and around the ture. No. 2, check; No. 4, 20 grams of 

stem, to uniform seed- I'oot bark ; No. 6, 20 grams of root wood. 

lings in 3 gallon sand cul- ... ^ . 

tures. In most cases 10 grams of bark applied in this way was sufficient 
to kill the seedling in 4 to 5 days. Occasionally, however, death did not 
follow the application but growth was stopped. Fig. 2 shows the con- 
dition of one set of trees 27 days after treatment. No. 4, which had 
20 grams of root bark, made no growth following the treatment, in 
contrast to No. 6, which had 20 grams of wood, and No. 2, the 
untreated check. 

Another series of sand cultures was set up using peach seedlings m 
6-inch flower pots, six plants being used for each treatment. The treat- 
ments in this series were as follows : 


1. Check. 

2. Root bark ; 5 grams of dried, ground peach root bark well mixed 

with the sand at the time of potting; 10 grams more added in 
the same way to three trees on re-potting 34 days later; 20 
grams added to the remaining three trees. 

3. Root bark plus peat moss ; the same as 2 except for the addition 

of 5 grams peat moss, also mixed with the sand. 

4. Root wood ; the same quantities and method of application as 

above, in 2. , 

5. Alcoholic extract of root bark ; this material was added as a dry 
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These experiments are now being re-run to determine whether the 
injury is greater in a typical orchard soil than in sand culture. 

The following conclusions may be drawn from the data presented 
in the preceding tables : (a) that the application of root bark produced 
injury to top and root of peach seedlings; (b) that the alcohol extract 
of root bark also produced injury, and (c) the bark residue after the 
alcohol extraction was harmless. 

The alcohol extract which retains some of the injurious properties 
of the bark has been fractionated and tested but these tests have not 
shown strong indications that the toxic properties were retained by 
any of the fractions. 

Peach root bark when heated with water gives off the odor of benzal- 
dehyde which we have assumed indicates the presence of amygdalin. 
Experiments in which 1 gram of amygdalin was added to 250 cubic 
centimeters of nutrient and applied once or twice a week to trees in 
sand showed no injury and in some cases these trees were superior 
to their checks. If, however, amygdalin was applied as described along 
with a trace of emulsin, injury was severe. Two treatments 3 days 
apart were sufficient to cause the death of the seedlings in 30 to 40 days 
after the first treatment, Emulsin alone proved harmless. Dextrose 
produced some retardation of growth. 

Benzaldehyde and potassium cyanide were applied in amounts rang- 
ing up to 1 gram of benzaldehyde per week in two treatments and 
1/10 gram of potassium cyanide once a week. The benzaldehyde, which 
was applied by shaking into an emulsion with the nutrient had little 
effect. The cyanide showed little injury at a rate of 1/20 gram per 
week in single application but the 1/10 gram dosage produced severe 
injury. The trees showed signs of recovery after cessation of the 
cyanide treatment, though they did not after the amygdalin emulsin 
treatments which contained the same amount of CN as the heaviest 
KCN applications. Tannic acid was also applied in the nutrient solu- 
tion at rates up to 1J4 grams per week. There was no injury and in 
some instances the trees treated wdth tannic acid were more vigorous 
than any others, including the checks. 

Summary of Results 

A field survey has shown that a high percentage of replanted peach 
orchards fails to make normal growth. It has been found that exhaus- 
tion of plant nutrients or diseases carried over from the preceding 
planting are not adequate explanations. Peach roots added to virgin 
soil inhibited growth of peach seedlings. In sand culture, the root bark 
was found to be toxic, but not the wood. The alcohol extract of bark 
also was toxic, while the residue from alcohol extraction was not. The 
specific compounds concerned have not yet been identified. 

Literature Cited 

1. Johansson, E. Treatment of soil with various chemicals as a remedy for 

exhaustion in orchard and nursery. Sverig, Pom. Foren. Arsskr. 37: 

139'-d3. 1936. (English summary.) 

2, Klaus, H. Das Problem der Bodenmudikeit unter Beriicksichtigung des 

Obstbaues. LandziK Jahrb. 89 : 413-459. 1939. 



26 


AMEKICAN SOCIETY FOR HORTICULTURAL SCIENCE 


v3. A'Vzcf Jersey Agr. Exp, Sta, Rep. p. 63. 1937. 

4. Verxer, L. Results in re-setting old apple orchard land with fruit trees. 

N.W, Assoc. Hort, Ent, and Plant Path. 3, Abs. Papers, pp. 2, 3. 1937. 

5. Wallace, T. Personal communication. 


Potassium Translocation in Peach Roots 

By O. W. Davidson, N. J, Agricultural Experiment Station, 
New Brunswick, iV. /. 

Abstract 

This paper will be published in full in Soil Science. 

P OTASSIUM translocation studies were conducted with peach 
roots during the summers of 1938 and 1939. The roots of 1 -year- 
old nursery peach trees were divided horizontally into upper and lower 
tiers. Rootlets were selected in such a manner that one in the lower 
tier was paired with one of similar size directly above it in the upper 
tier. Four or more roots were selected in each tier, and all others were 
removed. The trees were placed in especially constructed, double- 
chambered sand cultures. These cultures allowed the roots of the lower 
tier to pass through a glass tube sealed into the center of the top 
chamber and thus extend into the bottom chamber, while those of the 
upper tier remained in the top chamber. 

All plants were supplied with a potassium-free nutrient solution 
until symptoms of severe potassium deficiency developed. At that time 
the plants were divided as. follows: Series I received potassium in the 
top chamber and a potassium-free solution in the bottom. Series II 
received a potassium-free solution in the top chamber and a plus 
potassium solution in the bottom. Series III was maintained on a 
potassium-free treatment in both chambers. 

Plants were harvested 5, 13, and 43 days after applying potassium 
to one of the chambers. The results of analyses on samples comprised 
of fleshy and fibrous roots less than 1/16 inch in diameter showed 
conclusively that potassium is readily translocated from upper to 
low'-er roots, and likewise from lower to upper roots. 



The Response of McIntosh Apple Trees 
to Improved Sub-Soil Aeration 

By A, J. Heinicke and Damon Boynton, Cornell University, 
Ithaca^ N. Y. 

T he specific soil factors responsible for marked variations in tree 
growth and productivity on two plots of McIntosh apple trees of 
the same age in the Cornell University orchard at Ithaca, New York, 
have been under investigation for a number of years (1, 2, 4, 5). 
Recent work has suggested that the relatively poor tree performance 
may be due primarily to poor soil aeration that exists even after all 
gravitational water has been removed by ordinary tile drainage (2, 4). 
The following experiment was designed to determine whether im- 
proved aeration of a soil that was previously unsatisfactory for tree 
growth would overcome the difficulties. 

Materials and Methods 

In the summer of 1938 two plots 40 by 40 feet in size which had 
been occupied for 25 years by McIntosh apple trees of relatively low 
vigor were set aside for the experiment. The plots were on the same 
soil type, a heavy phase of Dunkirk silty clay loam, and were located 
within 100 feet of each, other on approximately the same level. An 
ordinary tile drain which passed within 10 feet of the center of each 
plot evidently had failed to keep the soil condition fit for healthy 
tree growth. 

Improved aeration was provided for in one of the plots by laying 
six lines of 3-inch tile drain about 4 feet deep and 6 feet apart. The 
excavation for the tile lines was about 1 foot wide for the top 2 feet 
and then gradually flared out to nearly 4 feet wide at the base, thus 
fonning an inverted trough. A main connecting tile line opened in a 
shallow well 100 feet away from the plots. After the tile was laid in 
place in the center of the ditch, the excavation was filled with coarse 
gravel to within 2 feet of the surface. The remaining 2 feet of the 
excavation was filled with the original soil. The ground in both plots 
was prepared for planting by plowing under and discing the remains 
of heavy manure mulch that had accumulated for 10 years. 

In the fall of 1938, one lot of 2 year McIntosh apple trees (Series A) 
was planted 12 feet apart on the square with an additional tree in the 
center of each square. The following fall, another lot of similar trees 
(Series B) was planted as fillers among the 1938 lot, so that all trees 
were 6 feet apart each way. The two plots thus planted consisted of 
five rows each with two or three trees of the 1938 planting and two or 
three trees of the 1939 planting. The tile lines ran betw^een the tree 
rows so that all trees were planted on ground undisturbed except for 
plowing. Both plots were heavily mulched with a 4-inch layer of wood 
shavings to conserve the rainfall and soil moisture. No weeds were 
allowed to become established during the two growing seasons. 

Permanent gas sampling tubes similar to those described by Boynton 
aiid Reuther (3) were installed at four locations in each plot. At each 
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location the air was withdrawn at 1 or lyi foot and at 3 foot levels 
below the surface. Samples of soil air were obtained about once a 
month during the dormant period and every 10 days to 2 weeks 
during the more active growing season. Data concerning girth in- 
crease, shoot growth, and the number and area of the leaves of every 
tree were obtained at the end of each season. 


Discussion of the Results 

Soil Air : — The data for oxygen and carbon dioxide determinations 
are summarized in Table I. The values given are the averages of the 


TABLE I — Oxygen and Carbon Dioxide in Soil Atmosphere on 
Naturally and Artificially Drained PlotsJ 
(Cornell Orchard A)^ 




1-134 Foot Level 

3-Poot Level 

Date 

Raiu- 

fallf 

(Inches) 

Per Cent Oa 

Per Cent COj 

Per Cent 0* 

Per Cent COa 



A B 

1 

A B 1 

1 

A B 

A B 


jgjS 

Dec.6...1 3.37 ! 17.0 I 20.1 I 1.2 | 0.6 I * | 17.6 I * I 1.3 


Jan. 10 . . 
Mar. 6... 
Apr. 11. . 
May 10. . 
May 25. . 
June 9 . . . 
June 20. . 
July 14. . 
Aug. 23. . 
Sept. 18.. 
Oct. 18.. 
Nov. 29. . 


Peb. 12. . 
April 2 . . . 
Aprilir.. 
April 29. . 
I^y 13, , 
May 27. . 
June 12. , 
June 26. , 
July 9 . . . 
July 24. . 
Aug. 7. . . 
Aug. 21 . , 
Sept. 9 . . . 
Oct. 22.. 


1 93Q Average by Periods 
ItMay 10 . . . 14.8 I 19.5 I 2.1 I 1.0 1 10 1 I 17 1 I ' 3 1 l 

May25-Aug.23.. . 8.9 13.8 6.2 6 3 4 7 12 1 tn 

Sept.l8-Nov.29..| 14.3 | 17.6 I Is | H | \ ifa I e° \ Si 

„ 1040 

- I 19-6 1-9 I 0.9 I 7.5 17 7 55 , ,, 

7,3 13.0 9.3 6.7 12 106 14 0 lo 

19-1 I 18.8 5.7 I 1.6 | el ml Hi I ll 

A—Natural aeration. ^ — - 

B— Improved aeration. 

JNo^air sample could be obtained, 
u since previous sampling. 

lEacfa figur e represents average value of four permanent sampling locations. 

“3 S KiSf 13 
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data from all the stations that could be sampled on the dates given. 
There was very little difficulty in sampling from all the installations 
on the plots with improved aeration, but on those with normal aeration 
the resistance encountered sometimes prevented the withdrawal of a 
sample of air especially during the early part of the seasons. In a few 
instances it was impossible to obtain samples from even a single loca- 
tion at the 3 foot level. Even though the stations were only about 
12 feet apart, there was considerable variation among them in the 
composition of air withdrawn at a given date, but the average figures 
fairly represent the trend in all of them throughout the season. 

That the provisions for aeration have been helpful in improving the 
oxygen supply of the soil is indicated by the fact that the values 
obtained at all sampling dates are consistently higher than under 
natural aeration at both the 1 and 3 foot levels. The carbon dioxide 
content, on the other hand, tends to be higher in the latter case. 
Variations from one sampling date to another are probably due to the 
daily fluctuations in the weather conditions which affect the pore space 
and biological activity in the soil. It is interesting to note that the 
oxygen content averaged lowest in each plot during the most active 
part of the growing season from about the middle of May to the latter 
part of, August in each year. The carbon dioxide content was also 
highest at that time. During this period the soil w^ould be relatively 
warm and there would be a high level of biological activity resulting 
in greater respiration. 

It should be noted that the lowest oxygen content was not neces- 
sarily accompanied by the highest carbon dioxide percentage, although 
in general when the former is relatively high the latter is relatively 
low. In one location the carbon dioxide content of the soil reached a 
very high level of 33.6 per cent. There was no oxygen present with 
this high carbon dioxide. In another case, however, with the carbon 
dioxide at 19.3 per cent there was still 5 per cent of oxygen. 

The data indicate a relationship between the composition of air and 
the amount of rainfall previous to the sampling dates. There was 
considerably less rainfall during the early part of the growing season 
of 1939 than there was in 1940. This is reflected in a lower oxygen 
content and a higher carbon dioxide content in the latter year, espe- 
cially at the 3 foot levels. Plots with improved aeration showed nearly 
as much oxygen at this level in 1940 as in 1939, but under poor 
aeration conditions there was considerably less oxygen at this level in 
the latter year. It is interesting to note that the well aerated plot had 
about as much or even more carbon dioxide in the surface 18 inches 
as at the 3 foot level during both seasons. The naturally aerated plots, 
on the other hand, usually showed somewhat more carbon dioxide at 
the lower levels than at the high levels, and this difference was more 
pronounced during the w^et season. The low values for oxygen in the 
12 to 18 inch levels are due, in part at least, to heavy rainfall or low 
evaporation from the soil for a few days preceding the withdrawing of 
the sample. There was practically no runoff from the plots and the 
mulch greatly reduced evaporation from the surface. Where the trees 
made little leaf surface, only a small amount of soil moisture was with- 
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TABLE 11 — Soil Aeration and Average Growth Responses of 
Young McIntosh Apple Trees* 


Soil Aeration 


Series 


Growing Season 




Natural 

Improved 

A1 

Total L^af Area (Sq In) 
1 1st 1939 I 

244 1 

1 596 

A2 

2nd 1940 

807 

3361 

BU 

1 1st 1940 1 

161 1 

1 564 

A2 

Total Shoot Growth (Cm) 
( 2nd 1940 [ 

288 1 

1 1343 

B1 

1 1st 1940 1 

19 1 

1 78 

A2 

Gain in Trunk Cross Section (Cw2)t 
( 1939-40 1 1.09 1 

3.69 

B1 

1 1940 1 

0.47 1 

0.80 


■•‘Thirteen trees under each condition each season. 

•fOriginal cross sectional area 1.60 cm®. 

jSeven trees of this series failed to live throughout the season although they formed leaves m 
early summer. 


drawn by transpiration. The open pore space was thus kept at a 
minimum as previously indicated under such conditions. It was more 
difhcult to obtain air samples, and impossible to do so in several 
locations on the poorly aerated plots. 

Tree Response : — The response of the trees is indicated by the data 
in Table II. It is obvious from these figures that the improved aeration 
resulted in much better growth than was obtained with natural 
aeration. 

As indicated by the leaf area the trees in Series A1 which were 
established during the relatively dry season of 1939 made about 50 per 
cent better growth on the naturally aerated plots than the trees in 
Series B1 which were established during the relatively wet season of 
1940. On the plots with improved aeration, however, there is rela- 
tively little difference between the average of the first year’s growth 
of these two series in the two years. While tree growth on the plot 
with improved aeration was much better than on the other plot in both 
years, the differences were 'especially marked during the relatively wet 
"^season of 1940. All the trees of Series A that were making their first 
year’s growth on the plots in 1939 lived throughout the year under 
both treatments. All the trees of Series B that were making the first 
year’s growth on the plots in 1940 pushed their buds and unfolded 
leaves. But before the end of the season seven of the trees on the 
poorly aerated plot died. The leaves on such trees began to wilt and 
dry up during the period of high temperature and high evaporation 
at the end of July. In Table II the trees are credited with the amount 
of leaf surface they had before they died. 

It is obvious from this experiment that the soil which previously 
supported only weak tree growth in spite of ordinary tile drain and 
mulching with strawy manure, can be made to support very satis- 
factory growth provided the aeration in the soil can be improved. 
Another experiment indicates that the gradual decline which often 
b^ns on a few limbs of one side of mature McIntosh trees grown 
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under unfavorable soil conditions may be checked rather quickly by 
providing aeration close to the trunk of such trees. Within a few weeks 
after a tile covered with a foot or more of gravel was laid in early 
summer to within a few feet of the trunk, the leaves became normally 
green and the weak side of the tree could no longer be distinguished 
by poor leaf color from the healthy side. A nearby check showing 
similar symptoms continued with the abnormal leaf color throughout 
the season. 

It is, of course, not always economic to take the necessary steps to 
improve the soil aeration that interferes with tree growth. These 
experiments emphasize the importance of determining soil aeration 
conditions before the orchard is planted. No other cultural means will 
overcome the fundamental handicaps of poor aeration which incident- 
ally may involve more than good drainage. 
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Relation Between Soil Organic Matter and Available 
Moisture Under Different Orchard 
Cultural Systems 

By Leon Havis, Ohio Agricultural Experiment Station , 
Wooster, Ohio 

T he relationship of soil organic matter content to the available 
moisture of the soil is a problem in which there has l^een consider- 
able controversy in recent years. It is often stated, and it is usually 
true, that organic matter raises the moisture-holding capacity of the 
soil. The problem of the relative amount of this increase in soil mois- 
ture which is available to the plant is, however, a different and more 
vital one. The available moisture (or potential available moisture) 
content is at present considered as the difference between the field 
capacity (or moisture equivalent) and the wilting percentage. 

The purpose of this study was to determine the relationship between 
the soil organic matter content and the potential available moisture 
capacity of an orchard soil under sod, mulch, and cultivation treat- 
ments. The investigations were made to determine the value of an 
increase in organic matter by such standard cultural practices as mulch 
and sod to the available moisture of the soil. 

As horticulturists, we are principally concerned with organic matter 
in the form in which it is present in the soil complex following long 
periods under a given cultural system. 

Feustel and Byers (7) determined the available moisture capacity 
of various mixtures of peat and soil. They concluded that “The use of 
peat as a soil amendment for the sole purpose of conserving a supply 
of available moisture is not recommended, except, possibly, in the 
case of a decomposed type of peat with sand or a very sandy soil’'. 
In another reference (2) is the implication that the addition of large 
amounts of organic matter to the soil had little or no effect on the 
available moisture content. Boynton and Batjer (4), after determining 
the moisture equivalent and total nitrogen of an orchard soil, con- 
cluded that there had been an increase in available moisture and 
organic matter under the mulched area as compared with that not 
mulched. Bouyoucos (3) used various laboratory mixtures of mineral 
soils and organic materials to detennine the effect of organic matter 
on the available moisture of soils. He used his own recently intro- 
duced techniques of determining the wilting point by the dilatometer 
method and the moisture equivalent by the suction method. The results 
obtained by these methods indicate considerable direct relationship 
between percentage of organic matter added and available water in- 
crease. More recently, Stone and Garrison (11), using the Bouyoucos 
methods of determining available moisture, obtained similar results. 
Pinckney and Alway (9) have shown that there is more individual 
variation in results obtained by the suction method (used by Bouyou- 
cos) than in those secured for moisture equivalent by the centrifuge 
method. Furthermore, the results are usually higher by the suction 
method, considerably so for sandy soils. 
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The Orchard and Methods Used 

The apple orchard used in these studies is known as Orchard C 
of the Ohio Experiment Station. It was planted in 1915. The soil is 
classified as Wooster silt loam. Half the trees in this orchard have been 
in continuous cultivation with two cover crops each year. During 
most years soybeans and rye were used, but Sudan grass and oats 
have been substituted for the soybeans in a few years. The other half 
of the orchard was planted in bluegfass sod, and the mulch system 
was begun at once. Three cultural systems may be considered, there- 
fore, cultivation, sod, and mulch. Other orchard practices have been 
the same in all three treatments. The tree roots are well distributed to 
a depth of about 6 feet in both treatments. 

The soil samples were taken at two general locations in the orchard 
during July and August, 1940. At each location 14 borings were made 
in each of the three treatments to a depth of 5 inches. Previous studies 
(8) had shown that the organic matter was not significantly different 
in these treatments below that depth. All borings were within 20 feet 
of each other in the sod, mulch, and cultivation treatments. The culti- 
vation and mulch samples were taken under adjoining trees; the sod 
samples were secured between mulched trees. The saniples from eacli 
treatment were composited, air-dried, and run through a 2 millimeter 
screen. 

The organic matter determinations were made on samples ground 
in a ball mill and passed through a 100-mesh sieve. The chromic acid 
(1, 10) method of organic matter determination was used. 

The wilting percentage was found by use of dw^arf sunflowers, 
following, in general, the method originally suggested by Briggs and 
Shantz (6). The moisture equivalent was determined by use of the 
centrifuge (5). Since it has been shown the moisture equivalent is 
not a good measure of the field capacity of all soils (12), direct deter- 
minations of field capacity by means of cylinders in the actual orchard 
soil were made. These determinations "were compared with the mois- 
ture equivalent of soil from the same cylinders. It was found that the 

TABLE I — Relation Between Soil Organic Matter and Available 
Moisture, 0 to 5 Inches Depth. (Available Moisture Calculated 
AS Difference Between Moisture Equivalent and Wilting 
Percentage, Orchard C, 1940 ) 


Treatment And Location 

Organic 
Matter 
(Per Cent) 

Mean Moisture 
Equivalent 
(Per Cent) 

' Mean Wilting 
Percentage 

Available 
Moisture 
(Per Cent) 



Location A 



Cultivation 

2-2 

2.10 

22.09 ± .05 

I 5.72^ .lit 

16.37 db .12 

Sod 

3-2 

3.15 

24.76 d= .15* 

6.80 d= .11* 

17.96 ± .18* 

Mulch 

3-2 

3.05 

24.47 =h .06* 

1 6.75 d= .12* 

17.72 ± .13* 



Location B 



Cultivation 

2-5 

2.55 

23.04 ± .10 

5.83 d= .14t 

17.21 ± .17 

Sod 

3-5 

3.14 

25.33 =fc .10 

6.63 i .15* 

18.70=i= .18 

Mulch 

3-5 

3.52 

26.90 =fc .32 

7.18 db .16 

19.72.± .35 


♦Combinations not agnificantly different from each other. 
tCombinations not significantly different from each other. 
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moisture equivalent is a very good measure of the field capacity of 
this soil. 

At least 10 determinations were run for each mean moisture equiva- 
lent and wilting percentage presented in Table I. The standard error 
of each mean is also presented. The value of the difference between 
each moisture equivalent mean and all other moisture equivalent means 
was found, and their standard errors were calculated. The same was 
done for wilting percentage means. Differences were counted as sig- 
nificant if the odds were greater than 19 to 1. The available moisture 
was obtained by subtracting the wilting percentages from the moisture 
equivalents and determining the standard error of each difference. 
The difference between each available moisture percentage and all 
other . available moisture percentages was then calculated with the 
standard error of each difference. Here too, the significance of the 
differences was determined on tlie basis of 19 to 1 odds. 

The organic matter determinations, as well as the moisture equiva- 
lents and wilting percentages, were calculated on the basis of the dry 
weight of the soil. 


Results 

The organic matter determinations show that as already noted (8), 
the amount of organic matter was considerably less under the culti- 
vation than under the mulch and sod treatments, even though cover 
crops had been used. The mulch and sod were about equal in organic 
matter in location A, but in location B (Table I) the organic matter 
was significantly higher under the mulch than under the adjoining 
sod. Such soil variations are not unusual in this type of study. The 
difference in organic matter content between the cultivation and sod 
at location A was l.OS per cent, which amounts to about 7.5 tons per 
acre of air-dry organic matter. 

The moisture equivalents increased with the organic matter percent- 
ages at each location. If both locations are considered together, there 
was also a direct relationship in all cases except one (Table I). The 
small difference in organic matter content between the sod and mulch 
treatments in location A resulted in no significant difference in their 
moisture equivalents. 

The mean wilting percentages varied directly with the organic mat- 
ter content in every case, but several combinations showed lack of 
significance of differences (Table I). As may be noted, the standard 
errors were relatively greater here than they were for the moisture 
equivalent means. 

The available moisture percentage was obtained by finding the 
difference between the wilting percentage and the moisture equivalent. 
When each available moisture percentage is paired with each other 
available moisture percentage, their differences were found to be sig- 
nificant in all cases except one (Table I). The small difference in 
organic matter between the sod and mulch at location A (0.10 per 
cent) resulted in no significant difference in available moisture. As 
already noted, the differences in moisture equivalents and wilting 
percentages between this pair also lacked significance. 
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No definite proportionate relationship between increases in organic 
matter content and available moisture could be established from this 
study. Nevertheless, it may be noted that the sod contained LOS per 
cent, or about 7.5 tons, more organic matter than did the cultivation 
at location A, and this amount was evidently responsible for a differ- 
ence in available moisture of 1.59 per cent, or about 3,000 gallons per 
acre. The mulch and cultivation at location A (Table I) differed by 
0.95 per cent, or 6.8 tons per acre, in organic matter, and by 1.35 per 
cent, or about 2,400 gallons, of available water per acre. These approxi- 
mations would not hold true for many other soils and would probably 
not be exactly the same during every year in the orchard used here. 

The increase in available moisture would, of course, be potentially 
available in the soil every time it reached its field capacity during the 
season. Obviously, as in the bluegrass sod, all the available water would 
not be used by the trees, and lack of thorough tree root distribution 
would make some of it unavailable even if the amount used by the sod 
were considered. 

It may be concluded that under the conditions of these studies, the 
differences in organic matter due to different orchard cultural practices 
have resulted in significant differences in available moisture. The 
differences are not great, and the value of the increase in available 
moisture due to organic matter is dependent upon several other factors, 
such as tree root distribution, type and depth of rooting of cover crops 
and sod, relative amount of transpiration and evaporation, and number 
of times the soil is saturated during the year. Once the soil reaches field 
capacity under the mulched area, a relatively large amount of the 
moisture in the topsoil is available to the tree roots. Here, however, 
is the factor of lack of absorption by the soil of all the water which 
falls on the mulch. Other effects of the different orchard management 
s3^stems, as well as other effects of differences in soil organic matter, 
are not considered here. 
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The Potassium Nutrition of Fruit Trees III. A Survey 
of the K Content of Peach Leaves from One Hundred 
and Thirty Orchards in California^ 

By Omund Lilleland and J. G. Brown, University 
of California, Davis, Calif, 

C ALIFORNIA has 98,077 acres (1) planted to peach trees. With 
so large an acreage and with many climatic and soil differences it 
has not been physically possible to adequately test, by field trials, the 
potassium needs of peach orchards within the state. It was suggested 
that progress might be made through use of leaf analyses. To date, 
fertilizer trials w’ith peach trees in California have not showui any 
benefits from potassium. However, some response to K has been 
secured in limited areas with prune trees. Here the untreated trees 
have invariably had a low leaf K. Though low K values in the leaf 
may not be infallible criteria of a potassium deficiency, they are prob- 
ably, in the absence of leaf symptoms, our best single guide as to w^here 
field trials with peach trees might be established most advantageously. 
This w^as the objective of the survey described herein. A study of 
factors which influence the leaf K content of the peach and affect the 
interpretation of the survey data is also included. 

Methods of Sampling and Analysis 

Varieties and Location of Plots: — ^The sampling was limited to four 
important varieties, two clingstones, the Phillips and Paloro, and two 
freestones, the Elberta and Lovell. The plots wrere all in the Sacra- 
mento and San Joaquin Valleys and the number of orchards sampled 
in each county was roughly in proportion to its peach acreage. The 
county agents selected and mapped the plots consisting of 10 trees 
each and furnished information as to their age, previous productivity, 
and so on. 

Method of Leaf Sampling: — ^All samples w’’ere collected in the field 
by the authors. Ten basal leaves from the current season's growth from 
each of the 10 trees constituted the samples. In a few instances when 
spray residue was evident, the leaves were w^ashed. Otherwise the 
sample was placed in a manila envelope and sealed. It w^as not feasible 
in the case of the more distant samples from the San Joaquin Valley 
to get these into the dehydrator until 3 days after sampling. Tests to 
simulate this transit delay indicated an increase in the K percentage of 
less than 0.2 per cent over corresponding samples placed immediately 
in the dehydrator. Differences between low and high K orchards w^ere 
generally expected to exceed this error. 

Tree Variability: — Duplicate samples of 100 basal leaves from the 
same tree generally do not differ by more than 0.2 per cent K. How^- 

^The authors wish to acknowledge the interest and assistance of Mr. M. E. 
McCollam. A part of the analyses reported herein was made possible by a grant 
from the American Potash Institute- We are also indebted to Mr. E. F, Serr, of 
the Extension Service, and his associates in the various counties represented in 
this survey. 
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TABLE I— Variations in the Leaf K Content of Individual Trees 
r P hillips Cling Orchard, Row 11, University Farm, Davis, 

Age 18 Years) 


Tree No. 

Per Cent K in Dry Leaf Matter 

Yield 

1940 

(Lbs) 

Jun 26 

1 Jtal25 

Aug 12 

Aug 26 

Sep 12 

11-0 

2.07 

1.78 

1.75 

1.60 

1.39 

1.40 

1.39 

1.56 

31 1 

332 

385 

355 

393 

187 

250 

210 

11-3 

2.20 

2.10 

1.81 

1.79 

i i-4 

2.07 

1.70 

1.74 

1.75 

ii-5 

2.18 

1.93 

1.77 

1.75 

ii-6 

2.03 

1.74 

1.62 

1.58 

1.45 

2.17 

11-7 

2.51 

2.19 

2.09 

2.09 

11-8 

2.11 

1.79 

1.81 

1.83 

1.55 

11-9 

2.73 

2.83 

2.54 

2.57 

2.22 

11-10 

2.33 

1.93 

1.92 

1.84 

1.74 



2.25 

1.99 

1.90 

1.86 

1.65 

— 

PEM 

±.052 

±.079 

±.061 

±.067 

±.072 

— - 

Average Row 10, 

2.40 

2.03 

1.86 

1.88 

1.56 

— 

PEM 

±.044 

±.056 

±.054 

±.060 

±.063 

— 


ever, tree variations greatly exceed this as shown in Table I, which 
presents the data from nine trees in row 11 in the Phillips Cling 
orchard in the University Farm at Davis. These 18-year-old trees 
are of uniform size and are growing on a deep uniform soil. 

The data immediately suggest that consideration must be given to 
sampling an adequate number of trees in any foliar survey of potas- 
sium. Included in Table I are the averages and their probable errors 
for row 11 and also for a similar number of trees in the adjacent row 
10. The agreement between the averaged data and their probable errors 
suggest that 10 trees may be an adequate sampling for a foliar survey. 
It is also apparent that the variability in row 10 is of the same order 
of magnitude. Since the accuracy of sampling and analyses is approxi- 
mately per cent K there appears to be no reason for extending 
the sampling to a number of trees greater than 10. A similar study of 
individual tree data from a 6-year-old Elberta peach orchard at Para- 
dise showed a tree variability comparable^ to that reported in Table I 
and suggests that such variability between trees may be of common 
occurrence. 

Table I further shows that the individual trees maintain their high 
or low K content throughout the 1940 season. Unpublished data from 
individual prune trees show, however, that the superior status of a 
high K tree is not always maintained in following seasons. Thus a tree 
which distinctly exhibits a superior K status in one season may, during 
the following year, be at a constantly lower K level. The avei'ages of 
10 trees, however, remain about the same from year to year. Such 

TABLE II — Comparison of K Contents op New and Old Leaves 
August 1939 


Per Cent K in Dry Leaf Matter 



Peach 
No. 1 

Peach 
No. 2 

Prune 

Almond 



1.69 

2,54 

1.94 

2.54 ! 

1.67 

2.24 
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transient K levels indicate the importance of factors other than the soil 
in determining the leaf K content of individual trees and stress the 
need of sampling an adequate number of trees. 

All the samples were from basal leaves on current season^s growth. 
This method was adopted in our earlier work to eliminate errors which 
might be due to sampling leaves of different ages. How'ever, later 
analyses (Table II) indicate that such differences may not be as large 
as expected, thus permitting a greater latitude in sampling and a com- 
parison of analyses from different sampling techniques. 

The data in Table II represent extremes in leaf age. The new leaves 
w’ere from the terminals on the second cycle of growth and had just 
unfolded on the day of sampling while the old leaves were the basal 
ones in the first cycle which represent our general sampling method. 
The basal leaves were 4 months older and this age difference would 
therefore greatly exceed any variations which might occur in foliar 
sampling. While the differences between new and old leaves are ap- 
preciable, they do suggest a much smaller difference between basal 
and middle leaves on the current shoot growth of the first cycle and 
a possible direct comparison of our data with that of other investi- 
gators who have chosen to sample leaves from the middle portion of 
the shoot. 

The analyses are of further interest in that they show a lower per 
cent K in the immature leaves. In contrast, phosphorus was found to 
be higher in the younger leaves. 

Leaf petioles have been used in some of the ''quick tests’". Our criti- 
cism of the quick test, as reported in our earlier work (2) is its limited 
accuracy. A comparison by standard chemical methods of the K in 
petiole and leaf blade showed a high correlation in both peach and 
prune trees and failed to suggest any diagnostic advantage in the 
petiole data, or in the ratio between petiolar and blade K contents. 

Time oj Sampling : — Some earlier work (Table III) with 10-year- 
old J. H. Hale peaches and also some data on Elbertas indicated that 
the potassium content of peach leaves remained fairly constant during 
the midsummer months of June and July and sampling was therefore 
confined to this interim. There is a decline in the per cent K later in 
the year but its time of occurrence varies with the season. Its early 


TABLE III — Seasonal Trend of Potassium in Peach Lea\^ 


Description 

Year 

Per Cent K in Dry Leaf Matter 

May 

Jun 


Aug 

Sep 

Oct 

Variety J. H. Hale, planted 1921, soil Aiken 
c.l, McCarthy orchard; Paradise, California 

1931 

1932 

1933 

3.17 

2.61 

2.65 

2.80 

2.70 

2.61 

2.59 

2,79 

1.88 

2.38 

2.12 

2.35 

1.75 

■ 

Variety Blberta, planted 1934, soil Aiken c. 1, 
Ream orchard; Paradise, Cdifomia 

1934 

1935 
1938 ; 

1937 1 

1938 1 

1939 ; 


2.88 

2.78 

2.84 

2.56 

2.76 

2.64 

2,93 

2.49 

2.28 

2.39 

2.90 

1.63 

2.21 

2.31 

2.94 

L76 

2.49 

Variety Elberta, Ream orchard, planted 1938 
Variety Elberta, Ream orchard, planted 1937 

1939 

1939 


2.37 

2.77 

2.32 

2.78 

1.74 

1,64 


^ 
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occurrence in 1939 may be noted in August (Table III) and is evident 
not only the trees planted in 1934 but also in the younger 1937 and 
1938 planting. The inference is that certain environmental factors in 
the 1939 season were able to effect an unusually early K withdrawal 
and it would therefore not seem advisable to make comparisons in any 
two seasons between K values obtained later than July. 

It was concluded from these data to limit the samplings in the survey 
to one in June and another in July with the expectancy that one would 
sen'e as a check for the other and also to give us a greater opportunity 
to observe any possible differences in the growth status of the trees 
which might later be correlated with the K analyses. 

It is also of interest to note, since the survey included trees of vary- 
ing age, that the K contents of the leaf in Table III do not appear to 
be influenced by the age of these trees. 

The Effect of Crop on Leaf K : — It has been our experience with 
prune trees that heavy bearing markedly affects the K content of the 
leaf (2). It may be noted in Table I that the two Phillips peach trees 
with the highest K content had the lightest crops. Since peach trees are 
regularly thinned and prune trees are not, their fluctuations in yield 
and their tendency to alternate are not as great. Fluctuations in K con- 
tent of peach leaves due to variations in size of crop may not therefore 
be of as great a magnitude. The data in Table IV contrast the average 

TABLE IV — The Effect of Crop on the Leaf K Content of the 
Muir Peach 


Per Cent K in Leaf Dry Matter 



May 1 

May 16 

Junl4 

Jul 5 

Jul 26 

Aug 2 

Aug 26 

Not bearing (disbudded) .... 

1.18 

1.45 

1.80 

1.82 

1.80 

1.81 

1.66 

Bearing 

1.12 

— 

1.75 

1.63 

3.32 

1.15 

0.98 


K contents of leaves from two peach trees bearing normally witli two 
adjacent uncropped trees which had all their flower buds removed just 
prior to full bloom. There was a marked response in growth and leaf 
size as early as May 1 in the trees having no crop but significant differ- 
ences in the K content of the leaf do not appear until the latter part 
of July. It might be concluded from these data that while differences in 
the K content of the leaf due to differences in crop have been produced 
by this extreme treatment, one could not likely ascribe any large 
differences found in the survey to differences in size of crop. Not only 
were the survey samples taken prior to July 25, when differences in 
Table IV became apparent, but the orchards in general were with few 
exceptions carrying normal fruit loads. Had the differences in Table 
ly been of a greater magnitude and of an earlier occurrence, they 
might have seriously affected the interpretation of the data obtained 
in the survey. Sampling of peach leaves late in the season should be 
avoided therefore not only because of differences between seasons but 
also because the differences due to variations in size of crop become 
more evident at the later dates. 

Effect of Soil Moisture on Leaf K : — ^All the orchards in the survey 
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receiyed from three to five irrigations during the summer. Variations 
in soil moisture could not be avoided in the survey. It was desirable 
to know how soil moisture might afifect the K content. Leaf samples 
taken from the same trees before and after irrigation in two of the 
orchards did not differ significantly in their K contents. No soil mois- 
ture samples were taken but from previous knowledge of the moisture 
relationships in these soils and the frequency of irrigation, the soils 
had not reached the wilting point when the water was applied. This 
might be considered typical of general grower practice and it is there- 
fore assumed that soil moisture variations as they existed in the or- 
chards in the survey did not cause large differences in the leaf analyses. 

In another comparison, leaves from the irrigated and non-irrigated 
Phillips Cling plots in the experimental irrigation orchard at the Uni- 
versity Farm show that lower K values do occur in the plot which has 
been allowed to fall below the wilting point annually since 1931. The 
experiment is described in detail by Hendrickson and Veihnieyer (4) 
and the data in Table V are from treatments D (dry) and A (wet). 
The trees in the dry plot are strikingly inferior and the foliage, when 
sampled, was likewise. Extreme reductions in soil moisture which might 
be considered tantamount to cultural neglect may after a period of 
years produce lower K values in the peach leaf. None of the orchards 
in the survey appeared to have suffered from a moisture deficit as great 
as that found in row 2. 


TABLE V — The Effect of Severe Drought on K Analyses of Le.\f 
(Phillips Cling Irrigation Orchard, Uni\t:rsity Farm, Davis, 1940 ) 




Per Cent K in Dry Leaf !Matter 


T X txiJltixi 1 

Jun 26 

Jul25 

Aug 12 i 

Aug 26 

Sep 12 

2 

11 

D (dry) 

A (wet) 

1.76 

2.25 

1.45 i 

1.99 ! 

1.20 

1.90 

1.14 

1.86 

1.03 

1.65 


Effect of Potassium in the Soil on Potassium in the Leaf : — Soil 
samples were taken in all the plots represented in this survey but have 
not been analyzed. However, our earlier work with prune trees (3) 
indicated little or no relationship between the replaceable K and the leaf 
analyses when several soil types were studied. The Neubauer method 
showed greater agreement. Many recent analyses of fertile soils, par- 
ticularly those classified as of young granitic origin, have shown low 
replaceable K but high Neubauer values. 

However, the problem of evaluating such factors as soil texture and 


TABLE VI— -The Effect of Unfavorable Root Enwronment on 
K Content of Prune Leaves 


Orchard 

Soil K Ppm. (Neubauer) 

Leaf 

K 

Per 

Cent 

Soil and Tree Ciondition 

1- 

Foot 

2- 

Foot 

3- 

Foot 

4- 

Foot 

Aver- 

age 

Mills i 

McQuilken 

Canfield 11-16... 

345 

285 

276 

211 

175 

200 

197 

165 

157 

102 

154 

146 

242 

195 

195 

0,61 ' 
0.68 
2.27 

Plastic clay — sojrch 

Poor drainage — scorch 

Loam well drained — ^healthy 






TABLE VII— Peach Leaf K (Survey 1940) 
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soil depth which together with soil structure and poor drainage affect 
the root environment of fruit trees cannot be studied by the Neubauer 
method. It is here that leaf analyses for K may be particularly helpful. 
The data in Table VI show a comparison of soil and leaf analyses from 
three prune orchard sites in which the Neubauer values indicated a 
sufficiency of potash but the leaf analyses in two of the orchards (Mills 
and iMcQuilken) are low and they have shown some response to K 
applications. The Mills plot was on a particularly heavy plastic clay 
and the McQuilken orchard suffered from excess water in early spring, 
draining down from the adjacent hillside. The site in the Canfield 
orchard is on a loamy well drained soil and though its K content is no 
higher than the other two soils, the leaf analysis excells the others by 
200 per cent. Unfavorable root environments, many less obvious than 
these two, may produce some disagreement between Neubauer values 
and leaf analyses. 

Discussion of Survey Data : — ^The leaf analyses together with cer- 
tain orchard data are presented in Table VII. They have been grouped 
according to variety and in a descending order of their average June 
and July K contents. The Elberta values vary from 3.43 to 0.64 per 
cent K. There were no outstanding tree differences which could be 
correlated with the K content. Color, size, texture, shape and other leaf 
characters seemed to show no relationship to the K content. Leaves 
which w^ere thin and pale were frequently as high in per cent K as 
dark green, heavy textured foliage. Referring to individual cases in 
Table VII, the leaves in the Peterson (Elberta) orchard, with a low K 
content (0.70 per cent) were larger and apparently healthier than 
leaves from the Hanson orchard with a distinctly high K content (3.35 
per cent). The Serimian (Paloro) orchard which had made the poorest 
current growth of all orchards included in the survey had a moderately 
high K content (1.68 per cent), higher than the Harris orchard (1.50 
per cent K) which had excellent tree growth and greater yields. The 
Weller (Paloro) orchard (2.18 per cent K) was distinctly inferior in 
foliage and growth to the very excellent Littlejohn (2.20 per cent K) 
orchard, yet the K contents were the same. Marked differences in 
foliage and tree size in this survey are not reflected in the K content 
of the leaf. Should response to K be obtained in any of these orchards 
then one would conclude that foliage and tree symptoms are not satis- 
factory guides for potash applications to California peach orchards. 

In general, California peach trees are above the 1 per cent leaf K — 
a tentative limit of K sufficiency for fruit trees suggested by our data 
with prune trees (2), and that of Batjer and Magness (5) for apples, 
and Cullinan, Scott, and Waugh (6) and others for peaches. 

The orchards which were below 1 per cent K in their foliage were 
re-examined in October for the possible appearance of late deficiency 
spiptoms. Leaf samples were collected in some of the orchards at that 
time and the following data secured : Blower 0.27 per cent K, Peterson 
0.47 per cent K, Vierra 0.75 per cent K, Swanson 0.76 per cent K. 
These analyses confirm the low values found earlier (Table VII). 
Observations at this time also failed to disclose any distinct scorch or 
leaf rolling. K plots in these low K orchards will be established later. 
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Distinct differences between the four varieties included in the survey 
are not evident in the data. The June averages and their probable 
errors are as follows: Elberta 2.09±.08; Lovell 2.18±.07; Paloro 
2.39±.06; Phillips 2.09±.09. The July averages are: Elberta 1.66± 
.07; Lovell 1.83±.07; Paloro 2.01 ±.06; Phillips 1.98±.09. 

Analyses of Elberta and Lovell leaves from adjacent rows in five 
orchards also failed to show differences which could be called char- 
acteristic of the variety. The June averages for the Paloro and Phillips 
suggest a possible higher K content for Paloro but five comparisons 
in which these two varieties were in adjacent rows did not show any 
consistent difference in favor of Paloro. 

The lower K percentages in July (Table VII) were largely due to 
an increase in the dry ’weight of the leaf. Calculations based on the dry 
leaf weights showed that the actual amount of potassium in the leaf 
was approximately the same in the two months and the decrease in the 
percentage in July was therefore a ‘"dilution effect"' rather than a 
migration of K out of the leaf. The milligrams of K per leaf for June 
w^ere as follows : Elberta 4.3 ; Lovell 3.6 ; Paloro 3.7 ; Phillips 3.3. 
In July the following values for the milligrams of K per leaf were 
obtained: Elberta 4.4; Lovell 3.8; Paloro 3.7; Phillips 3.7. It was 
noted in two orchards when there was little or no crop, that the leaf 
size in July excelled that of trees bearing normal loads and the weight 
of potassium per leaf in these show’ed greater increases than the above 
figures indicated. 


Summary 

Variations in the K content of the leaf were found between adjacent 
peach trees which appeared to be uniform in growth and on a uniform 
soil. Averages of ten trees showed satisfactory agreement. 

Very young leaves were found to be lower in K than older leaves 
when examined in mid-summer. 

Monthly analyses of peach leaves in several seasons showed the 
smallest change in the K percentage in June and July and suggested 
this interim as the most suitable time for a statewide surv’^ey study of 
the K content of leaves from peach orchards. 

The K content of the leaf did not appear to be influenced by tree age. 

The per cent K in the leaf was affected by the amount of fruit on the 
tree. The effect was evident in late July and thereafter. 

Variations in soil moisture above the wilting point did not seem to 
produce any variations in the K content of peach leaves. Severe 
drought, produced by omitting irrigation in summer and reducing soil 
moisture below the wilting point for long periods each year, after a 
9 year period did reduce the leaf K in peach trees. 

The Neubauer method was found distinctly superior to base replace- 
ment in determining K availability for prune trees. An unfavorable 
root environment produced by heavy soils or poor drainage may pro- 
duce a lack of agreement between soil analyses by the Neubauer 
method and leaf analyses of K. 

No distinct varietal difference in leaf K in June and July could be 
determined between the following : Elberta, Lovell, Paloro and Phillips. 
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The average per cent K in the dry matter of the leaf in June and 
July in 130 California peach orchards was 2.0 per cent. The range was 
from .6 per cent to 3.4 per cent K. 

No distinct leaf symptoms could be found in the trees showing a 
low leaf K. 

Neither tree size nor current season's growth and foliage seemed to 
be related to the 1940 K leaf analyses. 
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Effects of Organic Matter and Certain Growth Substances 
on the Development of Young Orange Trees 
in the Orchard ^ 

By E. R. Parker and F. M. Turrell, University of California Citrus 
Experiment Station, Riverside, Calif., and James Bonner, 
California Institute of Technology, Pasadena, Calif. 

^HE addition of organic materials, such as peat and manure, to the 
J- fill-back soil used in planting trees is a rather common procedure. 
Frequently such materials are also used as a surface mulch about trees 
after planting. The value of such practices has been suggested by 
consideration of several factors of plant physiology and of soil-plant 
interrelations, as well as by a limited number of direct experiments. 

Jacobs (10) in 1931, reported an increase in growth of maple and 
elm trees when set out in a peat-soil mixture. In the same year, Tukey 
and Brase (17) found that peat mixed with the soil facilitated the 
rooting of layered apple and quince shoots. They reported (18) that 
additions of peat to a heoxy loam soil used in planting apple trees 
resulted in greater root and top growth, especially in years when the 
rainfall was heavy in the early part of the growing season. In 1939, 
these authors (19) obtained somewhat similar results with apple trees 
planted in boxes containing the same heavy loam soil, and Erase (8) 
corroborated their results with roses under similar conditions. 

Explanations of the effects of peat or other sources of organic matter 
upon the rooting and growth of plants have usually been given in 
general terms. It is sufficient at this time to point out that as a result 
of their presence or decomposition they supply certain plant nutrients 
and tend to cause changes in the physical characteristics of soils, which 
are frequently thought to be beneficial. Among the latter effects are 
improved tilth, aeration, and moisture relations. These factors have 
seldom been specifically related to the growth of young trees. Tukey 
and Erase (19), however, reported that the growth of newly planted 
apple trees was correlated with increased aeration of the soil, as 
influenced by admixture of peat and by excess w^ater content. 

It is also possible that any value of organic matter additions to the 
soil for the growth of newly planted trees may be due, at least in part, 
to growth-promoting substances which may be thus made available to 
the plants. In 1914, Bottomley found that composted peat contained 
a substance which stimulated the growth of wheat seedlings in cultures 
and stated that '‘the growth stimulating action of bacterized peat might 
be due to the presence of substances similar in nature to the accessory 
food bodies concerned in animal nutrition’' (7, p. 532). Zimmerman, 
as a result of studies on the rooting of cuttings, said that 'there seem 
to be some stimulating elements in peat which do not occur in sand” 
(21, p. 225). This possibility was also alluded to by Tukey and Brase 
(18), in studying the growth of young trees. Recent discoveries that 

^Paper No. 424, University of California, Citrus Experiment Station, Riverside, 
California. 
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certain sulistances stimulate the growth of root initials has provided 
means of investigating these hypotheses. 

In 1936, vitamin Bi (thiamin chloride) was shown by Kogl and 
Haagen-Smit (11) to promote the growth of plant embryos, and, in 
1937, to be a specific root>growth~promoting substance by Bonner (2) 
and by Robbins and Bartley (14). This vitamin has been found in soils 
by Lilly and Leonian (13). Bonner and Greene (5) reported that 
certain manures contain appreciable quantities of vitamin Bi, and 
suggested that manures may be effective partly because of their con- 
tent of tliis substance. In 1938, the addition of nicotinic acid to solu- 
tions containing vitamin Bi was shown (1, 3) to further stimulate 
the growth of excised pea root tips, and the following year it was 
found (4) that excised root tips of some, but not all, species of plants 
respond to this substance in the presence of vitamin Bi. 

The object of the experiments reported in this paper was to deter- 
mine, under one set of conditions, the effects on growth of various 
kinds of organic matter applied to soil in which Valencia orange trees 
were planted, and also the effects of vitamin Bi and nicotinic acid 
solutions applied to the soil about such young trees. The conditions of 
the trials minimized the importance of certain factors associated with 
the use of the bulky organic materials mentioned, namely, their effects 
on mineral nutritional deficiencies, moisture relations, and aeration. 

Procedure 

In this experiment the soil about young Valencia orange trees was 
treated with various kinds of organic materials at time of planting. 
These materials were used in two ways : they were mixed with the fill- 
back soil or were applied on the soil surface about the newly planted 
trees. Other treatments involved repeated applications of vitamin Bi 
and nicotinic acid, alone and in combination, in the irrigation water. 
Irrigation of all trees was performed uniformly as required, and 
deficiencies of nitrogen and zinc were prevented or remedied as they 
occurred. 

The nature of the soil, as well as the excellent growth of the trees 
during two seasons of observation were indications that soil aeration 
and other noncontrolled environmental conditions were satisfactory 
for tree growth. Records of tree growth were obtained over the grow- 
ing seasons of 1939 and 1940 and are used to evaluate the effects of 
the various treatments. 

The Valencia orange trees used in the trials were of selected stock, 
the scions being from one tree, budded apogamic sweet-orange seed- 
lings. The nursery trees were not especially uniform. The experiment 
was planned in the randomized block design, and there were six blocks, 
pch plot contained two trees. Five of the blocks were planted with 
balled trees. The balls were 10.0 to 14.5 inches long and 8.25 to 9.9 
inches in diameter. One block was planted to bare-root trees. The 
bare-root trees were planted with vertical roots about 18 inches deep 
and lateral roots as much as 12 inches in length. 

^The land in which the trees were planted is adjacent to the nursery 
The soil IS closely related to the Greenfield series and is of a slightly 
sandy loam texture. It is a deep, recent alluvial soil of granitic origin, 
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very slightly differentiated, and is relatively uniform. The mean mois- 
ture equivalent of this soil, in the first foot, is 14.3 per cent; drainage 
is considered very good ; and the reaction is about pH 7.4 at the sticky 
point. Although it is one of the best citrus soils in southern California, 
it is low in nitrogen. The land had previously been in nursery and ferti- 
lized sparingly; it had recently been uniformly cover-cropped. The 
irrigation water has a pH of about 7.9. 

All trees were cut back to four to six shoots, about 5 inches long, 
before digging. Bare-root trees were quickly planted after digging, and 
precautions were taken to prevent drying. All leaves on such trees were 
removed at the petiole. The leaves remaining on balled trees were cut 
off about two-thirds of the way to the petiole from the tip, and the trees 
were held 4 or 5 days in a lath house between digging and planting 
dates. Balled trees were planted 1 to 3 inches above their level in the 
nursery. Their burlap wraps were kept intact, except over the top of 
the ball, but all twine was removed. Planting was done in all cases in 
round holes, 24 inches in diameter and 18 inches deep. Water was 
applied to settle the fill-back soil. 

The organic materials used for some of the treatments were im- 
ported, moistened, sphagnum peat moss, local sedge peat, and dairy 
manure. Certain characteristics of these materials are presented in 
Table I.^ 

Each of these organics was applied in two ways: (a) in basins, 
3 feet in diameter, about the newly planted trees ; and (b) mixed with 
the fill-back soil used in planting the trees. The materials were used in 
such quantities as to supply equal amounts of dry organic matter per 
tree. The quantities used were based upon and equivalent to the 
amount of loose, moist, sphagnum peat moss required to fill the tree 
holes one fourth full. Data on the amount of organic material used per 
tree are given in Table II. After the trees were planted, round basins 
3 feet in inside diameter were made about each tree. 

Additional treatments involved the use of vitamin Bi (thiamin 
chloride, Merck) in solution in the irrigation water, in concentrations 
of 0.05 parts per million, and nicotinic acid in concentrations of 0.5 
parts per million. These growth substances were used both separately 
and together at the concentrations noted. 

Planting was done May 2 and 3, 1939. The first irrigation with 


TABLE I — Descriptioit of Organic Materials as Applied 


Material 

Wet Basis (Per Cent) 

Milliequivalents Per 100 Grams of 
Wet Material 

Loss on 
Drying at 
105 

Degrees 

Loss on 
Ignition 

Ash 

Cl 

SO, 

pH* 

Imported peat moss 

74.0 

25.4 

0.6 

Trace 

1.0 

3.3 

Local sedge peat 

62.4 

21.4 

16.2 

Trace 

9.6 

3.5 

Dairy manure, lot 18 ... . 

28.3 

49.8 

21.9 

25.4 1 

15.6 

8.9 


*At 1:2.5 Material: water ratio. 


The authors are indebted to S. M. Brown, A. R- C. Haas, and D. S. Curtis 
for chemical and physical analyses. 
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TABLE II— -Amount of Organic Material Used per Tree 
IN Certain Treatments 


Description 

1 

Cubic Feet 

Organic Matter 
(Grams) 

W^'cight of Material 
(Grams) 

Imported pes-t moss 

1.1.3 

170.0 

6,728 

Local sedge peat 

0.67 

170.9 

7.983 

Manure 

0.31 

170.9 

3,431 


water and solutions of growth substances occurred during planting of 
bare-root trees and immediately after planting of balled trees. There- 
after, the trees were irrigated at inteiwals of 2 weeks during the re- 
mainder of the arid season. There were 15 irrigations in 1939. Trees 
receiving the growth substances were treated wnth these substances in 
solution at the concentrations mentioned in the water at the first 
13 irrigations. The first irrigation at time of planting required 20 
gallons of water or solution per tree. The next two required only 
10 gallons per tree. Subsequent irrigations during 1939 were of 20 
gallons of water or solution per tree. Two late fall irrigations of water 
alone were applied to all trees. The last irrigation of the season oc- 
curred November 4, 1939, and was followed by well distributed sea- 
sonal rains. 

During 1940 an increase in the amount of water applied was neces- 
sary to maintain satisfactory soil moisture. Two early applications of 
water only were uniformly applied in April and early May at the rate 
of 25 gallons per tree. On May 16, 1940, the growth substances were 
added at the stipulated concentrations to the irrigation water used for 
certain treatments, and 25 gallons of water or solution were used. The 
size of the irrigation basins was then increased to a diameter of 6 feet, 
without disturbing the soil in the bottoms of the original basins, and 
irrigations were applied at intervals of 2 weeks during the rest of the 
season. Thirty-three gallons of water or solutions were applied at the 
next irrigation. It then became impractical to irrigate with tank wagon, 
and water was conveyed in furrows to the basins, where it was applied 
at an estimated rate of 40 gallons of water per tree. To the trees receiv- 
ing them, fresh stock solutions of vitamin Bi and nicotinic acid were 
mixed with the water as it flowed into the basins, in quantities to 
supply these substances at the desired concentration. In all, 10 appli- 
cations of growth .substances w^ere made during the irrigation season 
of 1949 . 

During the two seasons, weeds were removed by scraping the bot- 
toms of the basins without disturbing the soil. Nutritional deficiencies 
were prevented or eliminated. Nitrogen was supplied in the irrigation 
water used in 1939, through the addition of calcium nitrate to provide 
10 parts per million nitrogen at each of 13 irrigations. In the spring 
of 1940, the trees, uniformly, developed symptoms of mild nitrogen 
deficiency. This w^as corrected by application in the basins before the 
first irrigation of 25 grams of calcium nitrate per tree. In 10 sub- 
sequent irrigations Uramon was applied at a rate of 10 grams per tree. 
During January, 1940, symptoms of zinc deficiency also developed in 
all trees, irrespective of treatment. These symptoms were eliminated 
by treatment with a spray of zinc sulfate and soda ash, applied Jan- 
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uary 23, 1940. The trees were not pruned after planting ; and no pest 
control measures were necessary, other than two treatments with nico- 
tine sulfate for aphis in April, 1940. One tree was lost as a result of 
root decay. 

Results 

Growth of the trees was satisfactory in both 1939 and 1940. Although 
size differences between treatments w’ere never xdsible, critical com- 
parisons were obtained by measurements of trunk circumference, con- 
verted to area of cross section, at a marked point 6 inches above the 
bud union. Measurements were made on May 18, 1939, soon after 
planting the trees; on November 14, 1939, after the first season of 
growth ; and on October 28, 1940, at the end of the second season of 
growth. Mean values of areas of cross sections were obtained for trees 
of each plot and subjected to study. 

The size of orange trees at planting time has been shown by Webber 
(20) to be correlated with their size in subsequent years. The measure- 
ments obtained in the fall of 1939 and the fall of 1940 were therefore 
adjusted by covariance (9) on the original measurements of May, 
1939. The mean unadjusted and adjusted values for each treatment are 
given in Table III ; and for each block, in Table IV. It will be observed 
that at the end of the first and second seasons of growth, the adjusted 
mean area of cross section for the untreated trees (check) is slightly 
less than the adjusted means of most treated trees, especially those 
receiving vitamin Bi and nicotinic acid. The reliability of these differ- 
ences in size was studied by means of the analysis of variance of the 
adjusted yields. The analysis of tree size on November 14, 1939, 
appears in section I of Table V. 

It will be noted from the value of F (16) that significant differences 
(at the 5 per cent level of significance) between mean areas of cross 
section of treatments and of blocks occur in the unadjusted measure- 
ments at the end of the first season. Upon adjustment for original size 


TABLE III — Mean Area of Cross Section of Trunks of Trees on 
Various Dates, Unadjusted and Adjusted by Covariance, 

IN Square Centimeters 


Treatment 

Unadjusted 

Adjusted on 
Data of May, 
1939 

.Ad- 
justed 
on Data 
of No- 
vember, 
1939 

May 18, 
1939 

Novem- 
ber 14, 
1939 

! Octo- 
ber 28, 
1940 

Novem- 
ber 14, 
1939 

' Octo- 
ber 28, 
1940 

Octo- 
ber 28, 
1940 

Check 

Vitamin B* 

Nicotinic acid 

Vitamin Bx and Nicotinic acid 

Imported peat moss in basins i 

Local sedge peat in basins 

Manure in basins 

Imported peat moss mixed Tvith fill-back 
Local sedge peat mixed with fill-back. . . 
Manure mixed with fill-back 

3.65 

4.04 

3.81 

3.88 ! 

3.91 

3.01 1 

3.33 

3,39 

3.64 

3.37 

4.88 
5.16 
5.25 
5.75 
5.32 
4.34 
4.78 
4.49 
6.05 
4.46 ! 

11.99 

13.59 

13.92 

14.02 

13.15 

11.71 

13.06 

11.91 

12.46 

1 12.64 

4.84 

4.75 

5.06 

5.48 

5.03 
4.90 

6.04 
4.69 
5.01 
4.68 

11.95 

13.21 

13.73 

13.78 

12.88 

12.23 

12.30 

12.10 

12.43 

12.84 

12.07 

13.34 
13.57 
13.10 
12.73 
12.41 
13.25 
12.44 

12.35 
13.20 
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TABLE n — Mean Area of Cross Section of Trunks of Trees in 
Various Blocks, Unadjusted and Adjusted by Covariance, 

IN Square Centimeters 


Block i 
No. ] 

H ethod of 
Planting 
Trees 

Unadjusted 

Adjusted on Data 
of May, 1989 

Adjusted 
on Data of 
November, 
1939 

May 18, 
1939 

November 
14, 1939 

October 28, 
1940 

November 
14, 1939 

October 28, 
1940 

October 28, 
1940 

1 

Bare root 

3.09 

4.29 

11.62 

4.78 

12.08 

12.38 

2 

Balled 

3.67 

4.97 

13.45 

4.91 

13.39 

13.42 

3 

Balled 

3.83 

5.17 

13.22 

4.97 ■ 

13.02 

12.96 

4 

Balled 

3.65 

5.06 

12.88 

5.02 

12.85 

12.76 

5 

Balled 

3.65 

4.96 

12,27 

4.91 

12.23 

12.26 

6 

Balled 

3.74 

5.24 

13.62 

5.11 

13,51 

13.29 


cliHereiices of the trees, however, the significance of differences between 
means of treatments and of blocks is reduced below the 5 per cent level. 
Apparently none of the soil treatments produced significant effects in 
the first growing season. The analysis also shows that no significant 
differences in size existed at the end of the first season between trees 
planted with bare roots and balled roots. 

A similar analysis of tree size on October 28, 1940, is given in 
section 2 of Table V. The study indicates that no significant differences 
in mean sizes resulted from different soil treatments over the two 
seasons, before or after adjustment. Photographs of representative 
trees in certain treatments are shown in Fig. 1. The mean sizes of 
trees iai the various blocks did differ significantly (5 per cent level) 
before adjustment, but not when adjusted for size of the trees at time 
of planting. 

These indications of lack of response to any of the treatments in the 
second season of growth are more clearly evident when the size meas- 
urements for October, 1940, are adjusted by covariance on the tree 


TABLE V— Analysis of Variance and Covariance of Area Cross 
Section at Various Dates 



Unadjusted Values 

Adjusted Values of Y 

Source 

Variatien 

Degrees of 
Freedom 

Mean Squares 

F 

Degrees of 
Freedom 

Mean 

Squares 

P 


X 

Y 

X 

Y 



r. Measurements oj May z 8 , 1039 * ~ X, Those of Noveniber 14 , 1030 , » Y 


Bloclcs i 

5 

0.6868 

1.1564 

2.11 1 

2.48* 

5 

0.1148 1 

[ 1.60 

Treatments. . .1 

1 ® 

0.6239 

1.1748 

1.92 

2.53* 

9 

0.3293 

1.79 

Error i 

1 45 

0.3256 

0.4651 

1 

— 

44 

0.1836 


2 . 

Measurements of May 18 , 1930 , - X. Those of October 28 , 1940 , >= Y 


Blocks 1 

5 ! 

i 0.6858 

5.8981 

2.11 

2.86* 

5 

8.1767 

1 1.71 

Treatments. . . 


1 0.6239 

4.2102 

1.92 

2.04 

9 

2.4311 

1.31 

Error 1 

45 1 

1 0.3256 

2.0621 

— 


44 

1.8539 


J. Measurements of November 14 , 1930 , X, 

Those of October 28 , J 940 , « Y 


Blocks ' 

6 1 

1.1564 

5.8981 

2.48* 1 

2.86* ] 

5 

2.0862 

i 1.41 

Treatments. .. i 

9 

1.1748 

4.2102 

2.63* 1 

2.04 1 

9 

1.3138 

' 1.12 

Error 

45 

0.4651 

2.0621 

— 


44 

1.4746 



at 6 per cent level. 
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Fig. 1. Trees having cross-sec- 
tion areas 6 inches above the 
bud union which are approxi- 
mately equal to the mean of 
their respective treatment on 
October 28, 1940 . Tree A, un- 
treated check tree; tree B, 
treated with vitamin Bi; and 
tree C, planted with sphagnum 
peat moss mixed with the fill- 
back soil. The measuring rod 
is calibrated in feet. 
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sizes in November, 1939. The mean values for the treatments and 
blocks so adjusted are presented in the last columns of Tables III and 
IV, An examination of these data and of the analysis of variance and 
covariance given in section 3 of Table V, leaves no doubt as to the 
nonsignificance of differences in size occurring in the second season of 
growth as a result of the treatments or methods of planting. 

In view of the lack of significant response of the trees under the 
conditions of this experiment to either organic matter or to the growth 
promoting substances, assays of vitamin Bi content of leaves were 
made using the Fhycoinyces test (15). Twenty mature leaves of the 
spring cycle of 1940 were selected from each tree in each plot of certain 
treatments about December 1, and the leaves from the two trees of one 
plot were lumped together. All the leaf samples were then dried at 60 
to 70 degrees C in a current of dry air and were ground in a Wiley 
mill. Vitamin Bi determinations were made on duplicate 10-milligram 
samples. Two duplicate determinations of the recovery of a known 
amount of vitamin Bi in the presence of 10 milligrams of the orange 
leaf tissue were also made. Seventy per cent of the added vitamin Bi 
was recovered in one case and 72 per cent in the second case. The 
assumption was therefore made that only 71 per cent of the vitamin 
present in the leaves themselves was recovered by the Phycomyces 
assay. The results showed that the mean vitamin Bi content of the 
sampled leaves was as follows, in gamma per gram of dry weight : 


Leaves from check trees 8.01 

Leaves from trees treated with vitamin Bi 7.86 

Leaves from trees treated with sphagnum peat in 

fill-back soil 7.59 

Leaves from trees treated with manure in fill-back 
soil 7.96 


The differences in leaf vitamin Bi content, as between treatments, 
are small and are all nonsignificant, when judged by analysis of vari- 
ance. It should be noted that the vitamin Bi content of all orange leaves 
was relatively high, as compared with that of other species, such as 
Camellia, which have been reported by Bonner and Greene (6) as 
responding to vitamin Bi treatment. This comparison and the results 
of the growth experiment indicate that young vigorous Valencia trees 
at Riverside synthesize sufficient vitamin Bi for their own needs. 

The manure and the two peat samples used in this experiment were 
found to contain appreciable quantities of vitamin Bi. For the manure 
and imported peat moss, assays indicated 2.7 parts per million, diy 
weight basis. Quantitative determinations of the vitamin Bi content of 
the local peat could not be made owing to the presence of unidentified 
interfering substances, but it appeared that more than 1 part per 
million was present. The failure of the leaf analyses to reflect the 
application of vitamin Bi from the organic materials, and also as a 
solution of thiamin chloride, appears to be analogous to the failure of 
whole grain to vary in vitamin Bi content when produced on fields 
fertilized in various ways, as reported by Leong (12). 
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Summary 

Vigorous young Valencia orange trees, planted at Riverside with bare 
and balled roots in a good soil in which drainage was satisfactory, and 
provided with deficient mineral elements and water, failed to show a 
significant growth response over two growing seasons to the use of or- 
ganic matter, vitamin Bi or nicotinic acid. The organic matter consisted 
of two kinds of peat and dairy manure and was applied in the fill-back 
soil at time of planting or as a surface mulch after planting. The 
growth-promoting substances were repeatedly applied in solution in 
the irrigation water. The vitamin Bi content of mature leaves at the 
end of the second growing season was not afifected by any of the soil 
treatments. In all cases it was higher than that of species of plants 
which have been reported to respond to treatment with vitamin Bi. 
It appears that vigorous, young Valencia orange trees, grown at River- 
side, synthesize sufficient vitamin Bi for their own needs, and that 
the beneficial effects sometimes reported as resulting from the use of 
organic materials at the time of planting trees are due to the factors 
which were not limiting under the conditions of this experiment. Trees 
planted with bare roots grew equally as well as trees planted with 
balled roots. 
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Effect of Mulching Materials on Moisture Loss 
From Soils* 

By L. M. Turk and N. L. Partridge, Michigan State College, 
Ea^t Lansing, Mich, 

T he use of mulches in orchards in Michigan is a recommended 
practice. Mulches are believed to be beneficial chiefly through 
their influence on soil moisture relationships. However, detrimental 
effects have been observed with their use under certain conditions. 
Observations have been made which indicate a nitrogen deficiency 
in soils where carbonaceous mulching materials have been used, es- 
pecially on soils low in organic matter. On the other hand, fruit has 
failed to mature properly and develop desirable color where nitroge- 
nous mulching materials have been used; this has been particularly 
noticeable on the more fertile soils. In the fall of 1939, an experiment, 
involving the use of lysimeters, was started primarily for the purpose 
of studying the effect of different kinds of mulching materials on the 
accumulation of soil nitrates. This experimental arrangement offers 
an excellent opportunity to study the effectiveness of the different 
mulches on the conservation of soil moisture, and it is to this phase of 
the work that this preliminary report is devoted. 

Moisture is perhaps the greatest limiting factor in fruit production 
in Michigan, particularly on the more sandy soils and where a sod 
culture system is used. It is a recommended practice, in orchards in 
permanent cover, to use some sort of mulching material around the 
trees. Just how effective these mulches are in controlling or increasing 
the amount of available soil moisture is a question that is frequently 
raised. The idea is sometimes expressed that certain kinds of mulches 
intercept and absorb such a large share of the rainfall that less water 
is actually available for the fruit plants than without the mulch. In 
other words, the absorption and subsequent evaporation of moisture 
from the mulch may be greater than the reduction in loss of water 
from the soil by evaporation. Data are presented in this report rela- 
tive to these problems. , 


Methods 

Cylindrical lysimeters, 40 inches in diameter and 15 inches deep, of 
galvanized iron coated with asphalt paint were used. About 7 inches 
of surface soil were placed in each lysimeter and the walls permitted 
to extend far enough above the soil to keep the mulch in place and 
prevent the loss of water by run-off. Three soil types of three different 
classes (Coloma sand, Hillsdale sandy loam, and Miami silt loam) 
were used. Mulches of alfalfa hay, straw, and straw plus ammonium 
sulphate were applied to each of the three soils ; other lysimeters re- 
ceived no mulch and weeds were kept out by frequent cultivation. Ad- 
ditional mulches of peat, shredded corn stover, shredded corn stover 
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with ammonium sulphate, saw'dust, shavings and gravel were used 
on the Hillsdale sandy loam soil. The coarse mulching umterials (al- 
falfa hay, corn stover, and straw), were about 5 inches thick and the 
other materials (shavings, sawdust, pulverized peat and gravel) were 
about 1 inch in thickness. Each treatment was made in trijilicate. De- 
terminations were made of the quantity of water peircolated througli 
each lysimeter, as governed hy the frequency, intensity, and duration 
of the rainfall. 


Results 

Data for the losses in soil moisture for the fall of 1939 and for 1940 
up to October 24, are presented in Table I. The data are ex[)ressed iti 
terms of pounds of \vater and each figure represents the average of 
three lysimeters. The readings actually represent the total quantity of 
rainfall less the amount of water absorbed by the soil and mulch and 
that lost by evaporation. The treatments are listed in the tallies for 
each soil in tlie order of decreasing amounts of percolate for tlie entire 
period. 

In this discussion, the quantity of percolating w^ater is used as an 
indication of the effectiveness of each treatment in increasing the 
amount of available water; the greater the amount of percolate the 
more effective is the mulch. The data show very strikingly the pro- 
nounced effect that mulching materials have on increasing the quan- 
tity of available water, with the possible exception of pulverized peat. 
Except for the peat mulch, about twice as much or more than twice as 
much percolate was collected from the mulched soils as from the non- 
mulched soils. 

No significant differences are noted in the eff'ectiveness of straw, 
straw’ plus ammonium sulphate, and alfalfa hay mulches on either of 
the three soils. Furthermore, it may be of interest to point out that the 
mulches were essentially as effective on one soil as the other. 

In considering the results olitained with the Hillsdale sandy loam 
soil, it is to be pointed out that pulverized peat was inetlfective in in- 
creasing the quantity of percolate; results were very similar to those 
obtained wuth no mulch. The other mulching materials were decidedly 
effective in increasing the amount of available water. Under the coti- 
ditions of this experiment, the amount of waiter alisorhed l)y these 
mulching materials, here considered as unavailable, was more than 
compensated by the reduction in the amount of evaporation due to 
their use. The data are not sufficient to justify any attempt to com- 
pare the relative value of these materials because the differences are 
not very great ; although from this point of view gravel, sawdust and 
shavings appear somewhat superior to straw, alfalfa, and corn stover. 

It is to be noted that during periods of light rainfall no percolate was 
collected from the immulched soils or from the Hillsdale soil with peat 
mulch. At the same time considerable quantities of percolate were col- 
lected from the soils with mulching materials other than peat. This, it 
w’ould seem, gives emphasis to the value of effective mulches during 
the dryer seasons of the year, particularly on the more droughty soils. 
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Discussion 

In considering the movement of moisture through the lysimcters, 
it is obvious tliat no large amount of water could move through the 
mulch into the soil until the mulch approached saturation, nor could 
drainage water appear until the soil had reached its tiioisture holding 
capacity unless cracks or other non-capillary passageways had devel- 
oped through the soil. During periods between rains evaporation oc- 
curred from both the mulch and soil and it is necessary that this evaj)- 
orated moisture be replaced before further percolation. Thus, the 
amount of percolation is appreciably influenced by the quantity, in- 
tensity, and frequency of the rains, the climatic factors affecting evap- 
oration, and the effectiveness of the mulch in decreasing evaporation 
losses. 

The results obtained with peat seem particularly significant. Ap- 
parently the peat had such a great absorptive capacity for water that 
with light rains or with long intervals between rains very little water 
actually reached the soil or at least not enough to permit percolation 
through the soil. Under these conditions evaporation of water from 
the mulch itself was enormous. As evidence to support this conten- 
tion, it is observed that gravel was the most effective of all the mulch- 
ing materials used. 

In considering these results in relation to the roots of fruit trees 
growing under these sytems of soil management it is not correct to 
assume that the quantities of percolate represent the exact differences 
in the amounts of available moisture to the roots of trees. There is 
usually a large accumulation of roots in the surface soil immediately 
beneath the mulch or perhaps in the mulch itself and moisture would 
be available which would not be indicated by the relative differences 
ill the amount of percolate obtained under the conditions of this 
experiment. 

These preliminary results definitely indicate the value and effective- 
ness of mulching materials in the conservation of moisture under 
Michigan conditions. This is of particular importance in those or- 
chards located on the more sandy or droughty soils, since soil moivSture 
is without doubt one of the greatest limiting factors in fruit produc- 
tion under such conditions. 



Relation of Weather to Prevalence 
of Internal Cork in Apples 

By L. P. Latimer, University of New Hampshire ^ Durham, N, H, 

A nticipating criticism for presenting a topic which betokens a 
■ step backward into the stream of scientific progress, a word of 
explanation seems necessary. 

The disease internal cork of apples (using the nomenclature sug- 
gested by Bailey and Thies (1)) has been observed occasionally in 
New Hampshire as well as the rest of New England. The writer (3) 
apparently was the first to report in a scientific journal the serious 
economical importance of this disease to apple growers of this state. 

Following the discovery that boron deficiency is the direct cause of 
internal cork and related diseases, borax was applied in 1937 to a few 
badly affected trees in certain orchards. Freedom from internal cork 
of the fruit of these treated trees in 1939 demonstrated the value of this 
treatment so well that growers were quick to apply borax to their 
orchards. Thus the opportunity to study factors affecting boron 
deficiency in the field has been nearly precluded. In New Hampshire 
boron deficiency of apples manifests itself primarily as internal cork. 
External cork is of less common occurrence. Dieback and rosette are 
seldom encountered. 

In New Hampshire orchards boron deficiency symptoms usually 
follow conditions that cause excessive drying of the soil. 

Although Mix (4) in 1916 realized that the direct cause of cork 
diseases was unknown at that time, he considered drouth the predispos- 
ing factor. Since then others have also recognized the relation of drouth 
to the occurrence of such troubles, but have summarily disposed of the 
topic or made statements concerning rainfall and other climatic factors 
unsupported by data. 

The purpose of this paper is to present the results of observations 
concerning the effect of weather conditions on the occurrence and 
prevalence of internal cork in susceptible localities of New Hampshire. 
It is hoped that this data will help to clarify this relationship. 

Relation to Drouth 

In years when normal or excess rainfall occurs generally throughout 
the apple districts, internal cork has not been reported. In other years 
only those parts of the state receiving deficient rainfall were affected. 

Mix (4) described marked prevalence and severity of cork (pre- 
sumably identical with internal cork) in 1914 in Clinton County, New 
York. He associated this condition with the extended drouth which 
continued through the months of May, June and July of that year. 
In 1915 rainfall was deficient in May and June, but was above normal 
in July and August. Cork was prevalent in that year. In 1916 rainfall 
was nearly normal in May and June, and cork prevailed only with trees 
badly diseased in the past. Bailey and Thies (1) correlated the marked 
prevalence of internal cork in 1936 at Amherst, Massachusetts, with a 
cumulative 5 inch deficiency of rainfall in May, June and July. Burrell 
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(2) Stated that cork occurred in 1933 in the vicinity of test plots and 
that rainfall was below normal in June and July, hut above normal in 
April, May and August. 

In New Hampshire internal cork was observed more or less gener- 
ally in 1929, 1936 and 1939, and in some sections in 1932 and 1933. 

Table I shows the average departure, from normal rainfall during 
the spring and summer months of the years that observations on the oc- 
currence of internal cork are available. Averages are based on weather 
records of three widely different apple sections where internal cork lias 
been known to occur. Durham represents the southeastern, Plymouth 
the north central and Nashua the south central districts. In 1929 there 
was a mild outbreak, most severe in the south central section. In 1933 
conditions were somewhat reversed, the outbreak being especially 


TABLE I — Departure from Normal Rainfall, Average of Three 
Stations, Plymouth, Durham, and Nashua, New Hampshire 



April 

May 

June 

July 

Aui?ust 

September 



Years When Internal Cork Was Prevalent 


1929 

1.81 

.56 

- .58 i 

-2.20 

1 -1.15 

-X.63 

1932* 

-1.43 

-1.82 

-1.13 

-1.42 

.26 

3.68 

1933** 

2.73 

-1.44 

-1.86 

-1.90 

1.44 

1.90 

1936 

.71 

- .98 

-1.20 1 

- .67 

.04 

-,1 .74 

1939 

1.39 

-1.00 

- .58 

-1.35 

.47 ! 

“1.32 



Years When Internal Cork Was Not Prevalent 


1927 

-2.24 

— .32 

-1.80 

1.63 

1 1.68 

1 .09 

1928 

.84 

' - .06 

.61 

1.46 

1.48 

- .66 

1930 

-1.60 

! - .33 

- .04 

1.06 

- .48 

-2.63 

1931 

- .41 

1 .64 

1 1.96 

1 - .10 

1.10 

- .41 

1932* 

.60 

-1.78 

-1.16 

1.77 

.36 

1.61 

1933** 

9.20 

- .88 

, -1.54 

1.24 

.93 

.67 

1934 

1.43 

.36 

.73 

- .30 

-1.93 

4.55 

1935 

- .31 

-1.29 

3.25 

- .81 

-1.70 

1.67 

1937 

.93 

1 1.34 

1.58 

-1.61 

- .08 

- .11 

1938 

- .65 

.33 

1.43 

5.67 

- .80 

5.68 

1940 

1.56 

1.60 

- .10 

1.84 

-2.17 



’*‘No internal cork reported in the north district. 
**No internal cork reported in the so\ithea.st district. 


severe m the region around Plymouth, moderate iu the south central 
part, and none being recorded in the southeastern district. A moderate 
outbreak, severe in a few localities, occurred in 1936. In 1939 the 
southern sections were moderately to severely affected, the northern 
section being affected to a lesser degree. Table I shows that rainfall 
was deficient for the four months April to July inclusive of 1932 in 
affected sections, while in the unaffected northern section drouth 
existed only in May and June. In 1933, however, the drouth was more 
severe in the north and central apple districts, severe drouth occurred 
in May, June and July while in Durham May and June alone were 
drouthy. 

Table II shows the average departure from normal rainfall for all 
three stations and for individual months. This data shows that since 
1926 the rainfall in April has averaged above nonnal both for years 
when internal cork was and was not prevalent, the difference not being 
large enough to be considered significant. Table III shows that during 
this period rainfall deficiency actually occurred more often in years 
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TABLE II — Departure from Normal Rainfall, Average All Observations 



, Years Internal 
Cork Prevalent 

Years Without 
Internal Cork 

X 

Difference 

S. E, 

April 

1.10 

.30 

.80 

.53 

May 

- .83 

.13 

- .96* 

.34 

June 

-1.00 

.69 

-1.71* 

.39 

July 

-1.45 1 

1.05 

-2.50* 

.48 

August 

.17 

- .27 

.44 

.45 

September 

.23 

.98 

- .75 

.85 


♦Highly significant. 


when internal cork was not prevalent than in years of prevalence. 
The tendency becomes stronger for internal cork to occur during years 
when rainfall is deficient in May, yet in years free from the trouble 
SO per cent were also dry in May. June and July seem to be the most 
critical months and in every case where internal cork was prevalent 
rainfall was deficient in both June and July. During the past 14 years 
internal cork has never been prevalent when rainfall was deficient in 
both months. August and September rainfall seem to have nothing to 
do with the prevalence of internal cork. From this it is evident there- 
fore that during the past 14 years in New Hampshire the critical period 
that determines whether or not internal cork will be prevalent in apples 
is June and July together, but not either month alone. 


TABLE III — Percentage of Observations Showing Rainfall Deficiency 


Month 

Internal Cork 
Years 

Non-Cork 

Years 


16 

48 


77 

52 


100 

34 


100 

38 


38 

62 


77 

34 

April and May 

15 

28 

May and June 

77 

21 

June and Jnly 

100 

0 

July and August 

38 

28 

August and September 

31 

14 

April, May and June 

15 

17 

M^y# June and July, 

77 

0 


38 

0 

Juiy, August and September 

31 

3 


It might be possible for the total rainfall of June and July to be 
normal or above and yet have an extended drouth period during these 
two months. This would happen if heavy rain occurred near June 1 
and July 31, and 8 weeks of drouth intervened. Monthly weather 
record summaries would not reveal this condition from total rainfall 
data alone. For this reason Figs. 1, 2, and 3 seem to present the 
prevailing moisture conditions in a better way by charting the cumu- 
lative departure from normal rainfall. This better indicates the drouth 
periods that undoubtedly exert a strong influence on the ability of the 
trees to obtain a sufficient quantity of boron for continued growth and 
cell division or development. 
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Durham, New Hampshire, 1932. Plymouth, New Hampshire, 1932. 
Some internal cork. No internal cork reported. 

Fig. 1. Prevailing Moisture Conditions in Seasons and at Locations Indicated. 
Diagonal continuous lines represent cumulative normal rainfall after May. 
Angular lines represent actual cumulative rainfall after May 1. 



Nashua, New Hampshire, 1932. 
Intenial cork very prevalent. 


Plymouth, New Hampshire, 1933. 
Internal cork very prevalent. 


Fig. 2. Prevailing Moisture Conditions in Seasons and at Locations Indicated. 
Diagonal continuous lines represent cumulative normal rainfall after May. 
Angular lines represent actual cumulative rainfall after May 1. 
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Durham, New Hampshire, 1934. 
No internal cork reported. 



Durham, New Hampshire, 1939. 
Internal cork prevalent. 


Fig. 3. Prevailing Moisture Conditions in Seasons and at Locations Indicated. 
Diagonal pntinuous lines represent cumulative normal rainfall after May. 
Angular lines represent actual cumulative rainfall after May 1. 


Relation to Other Climatic Factors 

Mix (4) stated that high winds were prevalent early in the season 
of years of drouth when cork was prevalent. Bailey and Thies (1) 
stated that the number of hours of bright sunshine, number of clear 
days and mean temperature were above normal and relative humidity 
below normal in 1936 in parts of Massachusetts where internal cork 
was prevalent. These conditions, they believed, would contribute to 
drying out of the soil and favor the prevalence of internal cork. They 
did not present information concerning these same climatic conditions 
in parts of the state where internal cork was not prevalent. Also, they 
considered only the one season, 1936. 

A study of weather records for New Hampshire, Table IV, revealed 
the following facts with relation to the effect of climatic factors other 
than rainfall on the prevalence of internal cork. 

Sunshine, wind and humidity records are for Concord, New Hamp- 
shire, the only station where these were available. Fortunately Concord 
is centrally located between the three stations where internal cork 
has been most fully studied. 

The mean maximum temperature for the months of June, July and 
August was about the same for years in which internal cork was 
prevalent as for those when it was not. In July alone the mean mini- 
mum temperature was significantly lower in years of prevalence of 
internal cork than in other years. There is no indication that higher 
temperatures may commonly prevail in years of cork prevalence as 
reported by Bailey and Thies (1). 
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TABLE IV— Effect of Other Climatic Factors on Prevalence 
OF Internal Cork 


Climate and Location, 

Month 

Years 

Not 

Ob- 

served 

Years 

Pre- 

valent 

Diff. 

S. IS. 
Diff. 

t ior r 
.05 

Average maximum temperature Con- 

June 

76.2 

77.2 

1.0 

1.25 

2.45 

cord, N, H. (degrees F) 

July 

August 

81 .5 
79.1 

80.9 

70.8 

-0.6 

0.7 

0.92 

1.71 

2.45 

2.45 

Average minimum temperature Con- 

June 

5,3.5 

52,8 

-0.7 

1.01 

2,45 

cord, N. H. (degrees F) 

July 

59.5 

56.3 

-3.2* 

0.89 

! 2.45 


August 

56.7 

56.3 

-0.4 

1.70 

2.45 

Average relative humidity Concord, 

June 

78.0 

76.8 

-1.2 

2.08 

2.78 

N. H. 8 A.M. (per cenO 

July 

80.3 

78,3 

-2.0 

2.22 

2,78 


August 

86.5 

83.0 

-3,. 5 

2.46 

3.18 

Average relative humidity Concord, 

June 

59.5 ' 

59.5 

0.0 

— 

— 

N. H. Noon (per cent) 

July 

62.3 

53.3 

-9.0 

4.03 

2.78 


August 

66.2 

53.7 

-11.5 

4.71 

3.18 

Average sunshine (per cent of possible) 

June 

54.0 

63.0 

9.0 

5.30 

2.78 

Concord, N. H 

July 

54.5 

61.7 

7.2 

2.63 

3.18 


August 

63.7 

59.3 

6.6 

5.30 

3.18 

Average wind velocity Concord, N. H 

Tune 

5.25 

5.40 

0.15 

0.34 

2.78 

(miles per hour) 

July 

4.63 

5.20 

0.67 

0.43 

3.18 


August 

4.22 

4.77 

0.55 

0.33 

3.18 

Average number clear days Plymouth, 

June 

13.7 

18.0 

4.3 

2.21 

2.45 

N. H 

July 

15.1 

18.2 

3.1 

1.69 

2.45 


August 

17.2 

16.4 

-0.S 

1.72 

2.45 

Average number clear days Durham, 

June 

15.2 

17.8 

2.6 

1.26 

2.45 

N. H 

July 

13.7 

17.8 

4.1 

1.68 

2.45 


August 

17.2 

17.2 

0.0 

— 

— 


♦Highly significant. 


Although there seems to be a tendency for the relative humidity to 
be slightly lower in July and August in years of cork prevalence, the 
differences observed are in no case large enough to be considered 
statistically significant. The same is true for sunshine, althougli the 
tendency seemed to be for slightly more hours of sunshine in cork 
px'evalent. years. The importance of all these other factors might pos- 
sibly be better expressed from daily, records as has been done with 
rainfall but such records are not available at the observation stations. 

Considering the number of clear days, the tendency seems to be 
towards a slightly larger number of clear days in June- and July of 
years when internal cork is prevalent, although differences arc not 
quite large enough to be significant. In August there was no difference 
in the average number of clear days. 

Wind velocity was apparently about the same for June, July and 
August, respectively, in years when internal cork was or was not 
prevalent. 

In conclusion it seems apparent that climatic factors other than 
spring and summer rainfall have had slight influence if any on the 
prevalence or severity of internal cork in New Hampshire since 1926 . 

Extended drouth during June and July seems to be the one con- 
tributing atmospheric factor definitely responsible for the inability of 
the tree to obtain sufficient boron for complete or perfect development 
of the fruit; Most of the apple orchards of New Hampshire are located 
on soils ordinarily favorable for their development. The industry has 
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existed long enough so that unfavorable sites have already been aban- 
doned and expert advice is usually sought before new plantings are 
made. Without doubt there are situations where the soil could not 
supply sufficient boron in any year and in the majority of places boron 
deficiency has not yet been detected in any year. Where internal cork 
has been reported in apple districts the trees are located on soils that 
can apparently supply sufficient boron only in years of normal or excess 
summer rainfall. The deficiency is readily overcome by applying borax 
or boric acid to these soils and the occurrence of internal cork thus 
prevented even in dry summers. 

Although drouth in June and July seems essential to the develop- 
ment of internal cork in New Hampshire apples, the effect is intensified 
when drouth conditions are continued from the earlier spring months. 
Furthermore it does not seem that heavy rain following the summer 
drouth is a factor inducing internal cork to make its appearance. 
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Periodicity in Transpiration of Lemon Cuttings 
Under Constant Environmental Conditions 
By J. B, Biale, University of Calijornia, Los Angeles, Calif. 

I N THE transpiration studies carried on at this laboratory and re- 
ported previously (1, 2) the plants were subjected to 12-hour light 
periods alternating with 12 hours of darkness. The exposure to arti- 
ficial light was from 8 :00 a.m. to 8 :00 p.m., coinciding approximately 
with the daylight period in the greenhouse where the plants were 
grown prior to experimentation. Recently it was thought advisable to 
introduce shorter photoperiods of 4 hours alternating with 4 hours of 
darkness. While checking on the constancy of transpiration losses 
under these conditions some unexpected results were obtained which 
form the subject matter of this report. 

Transpiration Losses During 4-Hour Light Periods 

The materials and methods employed in these experiments were 
essentially the same as in previous ones (2). Eureka lemon cuttings 
were taken from three adjacent trees and planted in sand in the green- 
house on November 1, 1938. Each cutting had four or five leaves. The 
range in leaf surface for the 22 plants was from 1.07 to 2.58 square 
decimeters as measured by the planimeter method. At the time of these 
tests the root systems were well developed ranging from 388 to 855 
milligrams of dry weight of roots per plant. In all cases the root-leaf 
ratio was much higher than 130 milligrams root dry weight per square 
decimeter of leaf surface, a value found in earlier work (2) to be the 
minimum for unhindered water absorption under conditions similar to 
the ones employed in these studies. On the basis of previous experi- 
ments a root temperature of 30 degrees C, a room tempei'ature of 
25 degrees C and 37 per cent humidity were employed throughout 
these tests. As a source of light 18 General Electric fluorescent globes 
of 15 watts each were used. They were suspended at a distance of 
18 inches from the bath top and provided a light intensity of 400 to 
500 foot candles as measured by a photronic cell at the plant level. This 
range in light intensity may account partially for the variations in water 
loss between plants. However, each cutting was placed in the same 
position during the entire experimental period, and therefore exposed 
to uniform light intensity. 

The plants were brought from the greenhouse on May 6, 1939, 
sealed in the 1-quart jars containing nutrient solution, and placed in 
the control chamber on May 7, at 2 :00 p.m. The lights were turned on 
for 4 hours at 4 :00 p.m. Each photoperiod of 4 hours alternated with 
a 4-hour dark period. From May 7 until May 10 the light periods 
were: 12:00 to 4:00 a.m., 8:00 to 12:00 a.m. and 4:00 to 8:00 p.m. 
Table I presents the water losses per plant for each of these periods. 

In examining the average as well as the individual values in Table I 
it can be clearly seen that the minimum water loss took place during 
the 12 :00 to 4:00 a.m. period, though all conditions were exactly the 
same as during the other periods. The first transpiration determinations 
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TABLE I — Water Loss in Grams per Plant During 4-Hour Light Periods 


Plant No. 

Leaf Area 
(Sq. Dm.) 

MAY 

7 

8 

9 

10 

4 to 

8 

P.M. 

12 to 

4 

A.M. 

8 to 
12 

A.M. 

4 to 

8 

P.M. 

12 to 

4 

A.M. 

8 to 
12 

A.M. 

4 to 

8 

P.M. 

12 to 

4 

A.M. 

8 to 

12 

A.M. 

1 

1.86 

1.95 

1.35 

2.05 

2.80 

1.20 

2.40 

3.40 

1.46 

2.45 

2 

1.70 

1.70 

1.35 

1.80 

2.00 

1.25 

1.65 

2.00 

1,20 

1.70 

3 

1.75 

2.30 

1.60 

2.55 

3.05 

1.70 

2.95 

3.15 

1.65 

2.60 

4 

1.42 

1.65 

1.55 

1.95 

2.25 

1.30 

2.20 

2.55 

1,35 

2.05 

6 

1.81 ! 

3.05 

2.05 

3.05 

3.45 

2.05 

3.10 

3.25 

1.80 

2.75 

6 

1.63 

2.80 

2.25 

3.20 

3.70 

2.40 

3.30 

3.70 

2.10 

3.10 

7 

2.54 

3.00 

2.50 

3.40 

3.95 

2.40 

3.45 

3.80 

2.10 

3.25 

8 

2.15 

2.10 

1.55 

2.60 

2.90 

1.80 

2.60 

2.85 

1.50 

2.60 

9 

1.98 

2.25 

2.10 

2.85 

3.35 

2.25 

3.30 

3.45 

2.20 

3.45 

10 

2.21 

2.65 

2.55 

3.45 

4.25 

3.00 

3.95 

4,30 

2.65 

3.75 

11 

1.17 

1.80 

.95 

1.60 

1.85 

1.00 

1.65 

1.85 

.95 

1.55 

12 

1.47 

1.40 

1.40 

1.80 

2.30 

1.30 

2,25 

2.70 

1.10 

2.00 

1.3 


4 20 

3 05 

4 10 

4 65 

3.15 

4.25 

4.20 

2.80 

3.70 

14 

1.77 

3.00 

2.25 

3.20 

3.75 

2.30 

3.85 

3.85 

2.15 

3.25 

15 



2.20 

1.65 

2.50 

2.45 

1.70 

2.35 

2.45 

1.50 

2.25 

16 

1.79 

2.00 

2.00 

2.40 

2.75 

1.85 

2.55 

2.60 

1.70 

2.60 

Average 


2.35 

1.90 

2.65 

3.10 

1.90 

2.85 

3.13 

1.75 

2.70 


on May 7 foi* the 4 :00 to 8 :00 p.m. exposure were somewhat lower 
than the losses for the same period on the following days. This may be 
accounted for by the fact that the first weighings were taken before 
the plants were adjusted to the new conditions. It takes normally 
several hours for the root temperature to reach the desired level. By 
excluding these first readings a remarkable uniformity in water loss 
can be noticed for each photoperiod from day to day between May 8 
and May 10 inclusive. The degree of variability was calculated by 
averaging the transpiration values on these 3 days for each light period 
separately, and figuring out the percentage deviation from the average. 
As a result of these calculations it was found that none of the determi- 
nations deviated more than 15 per cent from the mean. As a matter of 
fact in 91 per cent of the readings the percentage deviation from the 
average was less than 10, and in 60 per cent of the cases, less than 5. 
This is characteristic for the normal daily variability in water loss 
under controlled conditions, as calculated previously (1) from a large 
number of transpiration determinations. In contrast to this low vari- 
ability when each light period is considered separately, the deviations 
in water loss during 12 :00 to 4 :00 a.m. from that during the 8 :00 to 
12:00 a.m. and 4:00 to 8:00 p.m., periods, respectively, are much 
higher. In 74 out of a total of 80 cases, there was an increase of 30 per 
cent or more in water loss for the last two periods over the loss for 
12 :00 to 4 :00 a.m. and in 45 cases this increase was more than 50 per 
cent. There were only six cases with an increase of 20. to 30 per cent, 
and none below 20 per cent. 

This pronounced drop in transpiration during the 12 :00 to 4 :00 a.m. 
period, despite perfect constancy of all environmental conditions, is 
shown, also, in Fig. 1, in which averages only are indicated and the 
period of experimentation is extended. On May 10 a new light cycle 
was introduced consisting of the following photoperiods : 8 :00 to 12 :00 
p.ni., 4:00 to 8:00 a.m., and 12:00 to 4:00 p.m. On May 16 a change 



72 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 



Fig. 1. Periodicity in transpiration of Eureka lemon cuttings duritig 4-.hoiir 
light periods (dotted lines indicate change of light cycle). 


to the original cycle followed. The introduction of a new cycle is 
indicated in the figure by dotted lines. There was an 8 hour expo- 
sure of darkness between each change of the light cycle. Transpi- 
ration determinations were made for the period of darkness as well as 
for the period of illumination. However, they are not reported here 
because of low transpiration one cannot be too certain about the sig- 
nificance of the differences. The values were only 10 to 12 per cent of 
those in light and did not seem to exhibit any periodicity. After the 
change in cycle on May 10 the diurnal fluctuations appeared to fade out 
gradually. They should not be considered therefore as constant, but 
rather typical of the first few days of experimentation. Additional 
evidence for this contention is submitted in the next section. 

Periodic Transpiration as Related to the Light PIistory 
OF THE Plants 

In order to check whether the light condition prior to investigation 
was responsible for the above observed results the first 10 plants were 


TABLE II—- Transpiration Losses in Grams per Plant for 12-Hour 
Light Periods (8:00 P.M. to 8:00 A.M.) 


Plant No. 

May 

22 

2.3 

24 

25 

26 

27 

28 

1 

7.75 

7.30 

7.15 

7.65 

7.65 

6.76 j 

7.30 

2 

4.90 

6.06 

5.00 

6.35 

4.95 

5.1S 

5.20 

3 

7.05 

6.95 

6.76 

7.26 

6.40 

6.20 

6.00 

4...., 

6.55 

6.45 

6.00 

6.60 

6.90 

6.60 

5.60 

5 

7.60 

7.60 

6.80 

7.10 

6.60 

6.20 

6.30 

6 

9.10 i 

9.30 

9.20 

9.70 

9.30 

9.20 

9.20 

7 

9.10 1 

8.80 

8.40 

8.70 

8.00 

7.80 

8.00 

8 

8,75 

8.66 

8.20 

8.65 

7.76 

7.20 

7.20 

9 

13.65 

13.36 

12.65 

14.25 , 

13.95 

14.16 

14.65 

10.. 

16.45 

14.76 

13.40 

15.80 

14.60 

14.10 

13.60 

Average* 

9.10 

8.80 

$.35 

9.10 

8.60 

8.25 

8.30 





BIALE ; TRANSPIRATION OF LEMON CUTTINGS 


73 


subjected to an inverted day and night, that is to a light exposure from 
8:00 p.m. to 8:00 a.m. alternating with a period of darkness from 
8:00 a.m. to 8:00 p.m. Weighings were taken immediately before and 
after turning the lights off, and are reported in Table IL 

It can be seen from Table II that the losses were uniform from day 
to day. The readings for each plant for the 7 days were averaged and 
the deviations from the average calculated. It was found that in 93 per 
cent of all cases the percentage deviation from the mean was less than 
10, and in 57 per cent less than S. The night losses, that is the losses 
during 8:00 a.m. and 8:00 p.m. in darkness were also uniform and 
amounted to about 10 to 15 per cent of the daily water losses. From 
past ^ experience it can be concluded that this set of plants was 
physiologically active and capable of rapid response to changes in the 
environment. 

On May 29 these plants were subjected to the 4-hour cycle again, 
as they had been on May 7. The only difference was the fact that now 
their previous history was not natural daylight but a 12-hour artificial 
light period during the night between 8 :00 p.m. and 8 :00 a.m. Along 
with these 10 plants, from now on referred to as series A, six cuttings 
were brought from the greenhouse, numbered 1 la to 16a inclusive and 
designated as series B. These six plants were taken from the same trees 
and planted at the same time as the remainder, the only difference 
being that they were subjected to normal daylight for three more weeks 
than series A. As far as the light history is concerned the series B 
plants were on May 29 in essentially the same physiological condition 
as plants 1 to 10 of series A were on May 8. In Table III a summary 
of the data is given for the two series for the first 3 days and in Fig. 2 
the results are compared on the leaf surface basis. 

During the 12 to 4 a.m. period the water loss for plants on series A 
was at a maximum while those in series B showed a minimum. The 
other two photoperiods occurred during the time of the day which 
corresponded to the dark exposure for series A before May 29. 
Apparently this brought about a low transpiration rate during 8 to 
12 a.m. and 4 to 8 p.m. in the latter, while for plants in series B the 
water loss was considerably higher than for the 12 to 4 a.m. period. 
This behavior obtains for each of the individual plants as well as for 
the average. Comparing the water loss during the 12 to 4 a.m. photo- 
period on May 29 with that on May 8 one finds an increase of about 
80 per cent for plants of series A. This increase is doubtlessly due to 


TABLE III — ^Average Water Loss in Grams per Plant as Belated to 
Light Conditions Before Experimentation 



May 30 

May 31 


Jtme 1 


Plant Series 

12 to 

8 to 

4to 


8 to 

4 to 

12 to 

8 to 

4 to 


4 

12 

8 


12 

8 

4 

12 

8 


A.M. 

A.M. 

P.M. 


A.M. 

P.M. 

A,M. 

A.M. 

P.M. 

A* 

3.35 

2.35 

2.45 

3.20 

2.40 

2.50 

2.95 

2.60 

2.25 


2,20 

3.40 

2.60 

2.00 

3.30 

3,45 

2.30 

3,15 

3.00 


*A — subjected to artificial light from May 22 to May 29 for 12 hours daily from 8:00 p.m. to 


B — ^greenhouse plants grown under normal daylight until May 29. 
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clay and night inversion before the test. 



Fig. 2. Transpiration of Eureka lemon cut- 
tings in relation to past light history. 
Series A subjected to 12 hours of light 
from 8 p.m. to 8 a.m., May 22 to May 29. 
Series B, greenhouse plants grown under 
daylight until May 29. 


Unfortunately no compari- 
son of this nature can be 
made for series B be- 
cause no controlled con- 
ditions were available in 
the greenhouse with sun- 
light as the source of 
illumination. 

It should be empha- 
sized that the inversion in 
periodicity in plants of 
series A was brought 
about by exposure to only 
nine days of an inverted 
day. Apparently this 
treatment was sufficient 
to change a condition 
brought about by ap- 
proximately ten months 
of growth under natural 
day and night, since the 
cuttings removed from 
the trees on November 1, 
1938 were of the July 
1938 cycle of growth. 
The physiological habit 
established by the plant 
is, therefore, altered read- 
ily. However, the re- 
sponse is not rapid 
enough to be explained 
by our present knowl- 
edge of the effects of en- 
vironmental factors on 
transpiration or on sto- 
matal movement. 


Conclusions 

When plants grown for several months under natural light are 
subsequently subjected to artificial light periods of 4-hour duration 
alternating with 4 hours of darkness the minimum water loss takes 
place between 12 :00 and 4 :00 a.m. Maximum transpiration values for 
this period can be obtained after a preliminary exposure to an inverted 
artificial day from 8:00 p.m. to 8:00 a.m. The observed periodicity 
is pronounced during the first 3 or 4 days following change of con- 
ditions and appears to diminish with time. 
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The Influence of Soil Temperature on the Rate of 
Transpiration of Young Orange Trees 

By S. H. Cameron, University oj Calijornia, Los Angeles, Calif. 

D uring periods of low temperature orange trees frequently wilt' 
severely. Usually the wilt is of short duration — a few hours to 
2 or 3 days — and does not involve an appreciable loss of foliage or 
fruit. There is no uniformity of opinion regarding the factors responsi- 
ble for this wilt. Some investigators believe it to be due to low root 
temperatures which reduce the rate of intake of water while others 
consider that it is caused by an abnormally high rate of transpiration 
associated with very low atmospheric humidity. Usually during at 
least portions of these periods of low temperature the dew point is 
below the minimum temperature, indicating a very dry atmosphere. 
Since often low soil temperature and low relative humidity obtain 
simultaneously it would seem that wilting might be due to both ; 
conditions. 

During the freeze of January 1937 orange trees at Riverside re- 
mained wilted for approximately 3 days. Huberty and Compton (3) 
obtained records of soil and air temperatures and determined the 
relative saturation deficit (2) of typical wilted leaves. At the 16 and 
22 inch levels the soil temperature was approximately 40 degrees F. 
No record was obtained at lower depths; however it probably was 
below SO degrees F throughout most of the root zone. The minimum 
air temperature was 18 to 20 degrees F. Mr. Floyd D. Young, Gov- 
ernment Meteorologist, reported a dew point of —8 degrees F for 
Corona 12 miles distant. Under these conditions a leaf water deficit of 
21 per cent was determined which is the highest value these investi- 
gators have ever obtained. Nevertheless the trees subsequently, re- 
covered with very little apparent injury. 

The availability of special equipment designed primarily for a study 
of the effect of soil temperature on root growth afforded an opportunity 
to obtain some preliminary infonnation regarding the effect of one 
of these factors, namely soil temperature, on the rate of water loss of 
young Valencia orange trees. This equipment which is illustrated in 
Fig. 1 is essentially a box or lycimeter 18 x 24 x 36 inches with one 
glass side, which is protected by a removable light-tight cover. A 
welded angle iron frame provides the necessary rigidity. On one end 
of the box are mounted two manifold systems, a supply and return, 
which are connected by 20 U tubes extending to the opposite end of 
the box. By circulating a heated or cooled brine through this pipe 
system it is possible to quickly change the temperature of the soil in 
the box and to maintain any desired temperature indefinitely. The box 
is also equipped with soil heating cable connected through a thermo- 
stat. This auxiliary heating system permits maintaining soil tempera- 
tures above average atomsphere temperatures for long periods without 
involving the use of external brine heating and circulating equipment. 

A record of soil temperatures is obtained by a recording thermome- 
ter the bulb of which is located approximately in the center of the box. 
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Fig. 1. Equipment used in a study of the effect of soil temperature on the rate 
of transpiration of young Valencia orange trees. 


QfiCHAfiO 


When brine is circulated through the box the soil temperature is main- 
tained practically constant. With the soil heating cable the temperature 
fluctuates approximately ±2 degrees F. 

By placing the box on a large platform scale a record of water lost 
through transpiration is readily obtained. While such studies are in 
progress the box is covered with a tight-fitting top to prevent lOvSs 
by evaporation. 

In 1936 two nursery grown Valencia orange trees on sweet orange 
rootstock were planted in the box. The trees grew well and were in 

healthy vigorous condi- 
tion when the determina- 
tions here reported were 
made. The trees are of 
course dwarfed due to 
crowding and root re- 
striction. Judging by the 
root concentration in 
front of the glass, it is be- 
lieved that the roots have 
occupied all portions of 
the soil. The soil is a me- 
dium sandy loam, which 
holds about 10 per cent 
available moisture. 

Several series of obser- 
vations to determine the 
effect of soil temperature 
on the rate of water loss 
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Fig. 2. Influence of soil temperature on the 
rate of transpiration of young Valencia 
orange trees under field conditions. 
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Fig. 3. Record of atmospheric temperature and humidity during the period in 
which the data presented in Fig. 2 was obtained. 

under field conditions have been made. The results have been essen- 
tially similar for all, therefore the data obtained during only one series 
is presented in Fig. 2, These observations were made during the last 
2 weeks of May 1940. During each series of observations records of 
atmospheric temperature and humidity as well as soil temperature were 
obtained. A record of atmospheric temperature and humidity, obtained 
in a standard weather bureau shelter, during the period in which the 
data presented in Fig, 2 were obtained is presented in Fig. 3. It will 
be observed that except on May 30 and 31 on which days the tempera- 
ture was higher than usual, air temperature and humidity were essen- 
tially the same from day to day. 

The results presented in Fig. 2 indicate a marked reduction in rate 
of water loss as the soil temperature is reduced from 90 to 43 degrees F. 
This is particularly noticeable in the daytime losses which are approxi- 
mately ten times as great as the losses at night. As indicated by the 
several points on the graph there was considerable daily fluctuation in 
loss particularly at the intermediate temperatures. This is to be ex- 
pected under field conditions. Under controlled conditions (Fig. 4) 
the fluctuations are much less marked. The record presented in Kg. 3 
shows that the relative humidity approached 100 per cent every night. 
This probably in part accounts for the relatively small losses during 
this period. Later observations made during a period of unusually low 
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relative hiiiiiidity which 
persisted throughout the 
night indicate that night- 
time losses under such 
conditions are very much 
greater. That light prob- 
ably also plays a part is 
indicated by the results of 
Bialoglowski ( 1 ) who re- 
ports a much greater rate 
of transpiration of rooted 
lemon cuttings during the 
light than during the dark 
period notwithstanding 
the fact that his observa- 


Fig. 4. Influence of soil temperature on the tions were made in an air 

rate of transpiration of young Valencia conditioned chamber in 

orange trees in an air-conditioned chamber. which temperature and 

humidity were constant. 

During the period June 2 to 13, 1940, the equipment was moved into 
an air conditioned chamber in which the air temperature was main- 
tained at 75 degrees F, the relative humidity 55 per cent and air 
movement 3,000 cfm. The lights which were a combination of Mazda 
and fluorescent were controlled by a time switch for alternating 12 
hour periods of light and darkness which corresponded with the 
natural day and night periods. 


Under these conditions the results as indicated in Fig. 4 were some- 
what different from outdoor conditions. Total 24-hour-period losses 
were less than under outdoor conditions except at low root tempera- 
tures. Above approximately 70 degrees F root temperature, light and 
dark period losses were almost identical. Below 70 degrees F root 
temperature the light period losses increased relative to the dark period 
losses although the total losses were less than at higher temperatures. 
The fact that 24-hour-period losses were less in the chamber where the 
maintained temperature and humidity were similar to midday condi- 
tions out of doors, and should therefore have caused even greater losses 
suggests that some other factor was limiting transpiration. This to- 
gether with the equality of light and dark period losses above 70 
degrees F root temperature suggests that light may have been the 
limiting factor. It was not possible in the chamber to obtain a light 
intensely greater than approximately 300 foot candles at the periphery 
of the trees which compares with at least 6,000 foot candles under 
field conditions. 


That low soil temperature reduces the rate of absorption of water by 
plants has long been known. Kramer (4) has recently summarized 
me literature in this field particularly as it relates to herbaceous plants. 
He concludes that decreased water absorption is due to a decrease in 
perm^bility of the root membranes combined with an increase in the 
viscosity of water. In the present series of investigations it was 
observed that the leaves showed evidence of stress when the root tern- 
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perature was reduced to 48 degrees F or below. Definite signs of 
wilting were evident at temperatures below 45 degrees F. 

In order to obtain some measure of the stress under which the 
leaves were placed due to a decrease in soil temperature, determi- 
nations of the relative saturation deficit were made using the technique 
employed by Halma (2). The results are presented in Table L They 
indicate an appreciably higher leaf water deficit at low than at high soil 
temperatures both in the field and in the air conditioned chamber. 

TABLE I — Effect of Soil Tempbeiature on the Relative Saturation 
Deficit of Valencia Orange Leaves 


Soil Temperature 
(Degrees P) 



85 

45 

40 

Orchard. 

2.44 

5.38 




Air conditioned chamber 

3.01 

5.29 

6.82 


Summary and Conclusions 

Observations on the effect of soil temperature on the rate of water 
loss of young Valencia orange trees suggest the following conclusions : 
That decreasing soil temperature from 90 to 45 degrees F results in 
a marked decrease in the rate of water loss; and that under usual 
environmental conditions transpiration during the day. may be ten 
times as great as at night. 
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Certain Factors Influencing the Size of Dried Prunes 

By A. H. Hendrickson and F, J. Veihmeyer, UnwersUy 
of California, Davis, Calif. 

T he size of dried prunes is a factor of primary importance lu the 
marketing of this product, the small sizes selling for a lower price 
than the large ones. The proportions of the various sizes of prunes 
produced during the past 8 years by the French prune trees in the 
experiments dealing with the water relations of fruit trees at Davis, 
California, have shown some interesting results related to the effect 
of the numbers of prunes produced and to the irrigation treatment. 
The experiments were conducted with bearing trees planted in 1923, 
24 feet apart on the square system in a Yolo loam soil. The orchard 
was laid out to include 18 plots, 11 of which were irrigated while the 
remaining 7 received no water during the growing season.^ A previous 
publication (1) describes the treatments in detail. In this report all 
trees receiving water during the growing season are placed in one 
group, and those left dry, in the second. Some of the so-called irrigated 
plots received treatments that were intermediate between those kept 
moist continuously and those left unirrigated. In a few instances several 
of these intermediate plots were inadvertently allowed to become dry 
before the fruit reached full size, and this soil moisture condition 
undoubtedly affected the size of the fruit to some extent, but not as 
decisively as in the unirrigated plots. All the experimental plots were 
surrounded by suitable guards. The crops on the experimental trees 
were not thinned. 

After the fruit was dehydrated, it was run over a sizer that separated 
it into seven sizes. For the purpose of this study the fruit that dropped 
through the first two screens was placed in the first class, that from 
the third and fourth screens, in the second, and that from the fifth and 
sixth screens and from the end of the grader in the third. The fruits 
segregated in the first class were 81 to the pound or smaller, those in 
the second, 50 to 80 to the pound, and those in the third, larger than 
SO to the pound. For convenience, these sizes are referred to in this 
report as small, medium and large. 

The percentages of these sizes varied from year to year, but the 
proportions of medium sized fruit showed less variation than those 
from the other two sizes. The proportions of the small and the large 
sizes did not show any close relationship with the amount of crop 
produced, although the dry plots consistently produced a larger pro- 
portion of small sizes than the irrigated plots. During 8 years the 
average percentage of medium sizes in the irrigated plots was 38,6 and 
in the dry plots 38.7. These data seemed to indicate that the weight of 
the crop produced had but comparatively little effect on the percentage 
of medium sized fruit, and that, furthermore, the average percentage 
of medium sized fruit was not markedly influenced by the irrigation 
treatment. The chief exception occurred m 1933, the first year of 
differential irrigation treatment. The combination of a large crop and 
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TABLE I — Percentages by Weight of Small, Medium and Large Prunes 
AND Average Yields (Tons per Acre) 


1933 1934 1935 1936 1937 1938 1939 1940 


Irrigated Plots 


Small sizes 

45.9 

26.9 

27.9 

15.5 

36.9 

17.1 

17.5 

li.l 

Medium sizes 

34.4 

45.2 

45.6 

38.1 

43.0 

30.7 

42.5 

29.6 

Large sizes 

19.8 

27.9 

26.5 

46.4 

20.0 

52.1 

40.0 

59.3 

Average yields 

9.8 

2.7 

4.8 

4.0 

13.6 

9.7 

13.2 

11.9 


Dry Plots 






Small sizes 

83.6 

45.8 

53.1 

28.1 

48.2 

19.7 

22.2 

25.4 

Medium sizes 

13.6 

42.8 

36.6 

44.7 

44.3 

37.8 

47.9 

41.9 

Large sizes 

2.7 

13.6 

10.2 

27.2 

7.4 

42.5 

29.3 

32.6 

Average yields 

6.5 

2.7 

2.2 

2.7 

10.6 

7.6 

8.4 

8.1 


the exceptionally late season may account for the large percentage of 
small sizes and the small proportion of medium prunes produced. The 
average percentages of fruit of the different sizes are given in Table 1. 

A study was then made to ascertain, if possible, the other factors 
affecting the sizes of fruit produced. Lilleland and Brown (2) have 
shown that the size of apricots is correlated with the number of fruits 
on the tree. In our experiment, the numbers of prunes per plot from 
the irrigated treatments were first plotted against the weights of the 
fruit from the last five size grades, or those which were 80 to the pound 
or larger. The curves obtained showed agreement with portions of the 
curve for apricots obtained by Lilleland and Brown (2), depending 
on the season and the numbers of fruits borne. Having established 
that the weights of desirable sizes of prunes were related to the num- 
bers borne in the same general way that the weights of marketable 
apricots are related to the numbers of that fruit, further study was 
made on the size-number relationship. The number of prunes per plot 
of eight trees was then plotted against the weights of dried fruits in the 
three sizes previously described. Records were kept on a plot basis 
because of the chances for error in weighing, dipping, drying and grad- 
ing the crops from individual trees. From the curves assembled it was 
apparent that two factors, number of prunes per plot and lack of 
readily available soil moisture during the growing season, singly or 
in combination, influenced the weights of prunes produced. 

The results for 1939 are shown in Fig. 1, while the formulae for the 
curves for the other years are given in Table 11. 

The relationships illustrated in Fig. I show that the weights of small 
prunes in the irrigated plots increased with the numbers of fruits on 
the trees. In a similar way the weights of small fruits, from the dry 
plots, in which the available soil moisture was exhausted early in July, 
increased with the numbers of prunes on the trees. The position of the 
broken line with reference to the solid one indicates the difference in 
yields of small fruit that may be attributed to lack of available moisture 
after early July. Thus, the weights of small fruit in the irrigated plots 
were related to the numbers of fruits borne while the weights of small 
fruit in dry plots were related to both the number produced and the 
irrigation treatment. 



82 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 




• 



• 



• 




« 




• 

»»UOX +5*i.2* 

• 


• 


- . 

0 



0 




0 

o. 

Y«a»!X + ^51.42 





500 

400 






0 








• 



0 ^ 






o. 

• 

• 






U 

S 300| 



"■45000 5oo5o 80000 >oboo 

NUMBER OF PRUNES PER PLOT J939 


■50000"“ 


Fig. 1. Relationship between weights of small, medium, and large dried 
prunes, and numbers of fruits, 1939. Y = weights of dried prunes, and 
X = numbers of fruits. 


In the medium sized group the lines showing the dried weight- 
number of fruits relationship are nearly parallel and fairly close to- 
gether. Apparently, the weights of medium sized fruit in both treat- 
ments were related only to the number of fruits borne. 

In the large sized group both lines were nearly horizontal, indicating 
but little relationship between the numbers produced and the weights 
of this size fruit. The position of the broken line, however, shows a 
marked effect brought about by the lack of available soil moisture after 
the first part of July. Apparently, the maximum weight of large sized 
prunes that could be produced during the 1939 season in the irrigated 
plots was roughly 490 pounds, while that of the dry plots was 200 
pounds. The irrigated plots that had 75,000 or more fruits were only 
able to produce as many pounds of large fruits as those that bore 
about half that number. In a similar manner the dry plots produced 
about 200 pounds of large sized fruit whether there were 30,000 fruits 
on the trees or 70,000. 
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It will be noted that one of the irrigated plots deviated widely from 
the remainder of the large sized group. The soil-moisture record of 
this plot shows that the soil moisture was reduced to the permanent 
wilting percentage about the middle of July and remained there for 
more than a week before the moisture supply could be replenished. 

The straight lines fitted to the data for the other seven years, with 
certain exceptions, show definite relationships. In the irrigated plots 
there was a marked and fairly consistent relationship between nunibers 
of fruits borne and weights of small sized fruit. The differences in the 
slopes of these curves from year to year, as indicated in Table II, were 
not pronounced. The same general type of relationship was also found 
in the dry plots, when the weight of small dried fruit likewise in- 
creased with the number of fruits borne. During the first year of 
differential treatment, the slope of the curve for the dry plots was not 
as great as it was during the other years. The curves for the small sizes 
in the dry plots lie above those of the irrigated in every case, indicating 
the eft'ect of the lack of readily available soil moisture. 

The curves for the medium sized fruit in the wet plots show distinct 
relationship with the numbers of prunes produced. The slopes are not 
so great in 1933 and in 1937 as they are in the other years. The results 
during these 2 years may have been affected by the fact that 1933 was 
the first year of differential irrigation treatment while in 1937 the total 
number of prunes per plot was greater than during any other year of 
the experiment. 

In the dry plots the weights of medium sized fruit did not show 
consistent relationships with either the numbers borne or the irrigation 
treatment. The x factors which represent the slopes of these curves in 
Table II indicate a distinct relationship between weights of medium 
sized fruit in the dry plots and numbers borne during 3 years, but in 
the remaining 5, no such relationship occurred. 

The curves for the large sizes in the wet plots were nearly hori- 
zontal in 4 years, sloped distinctly downward in 3 years and slightly 
upward in 1 year. The horizontal curves indicate that the trees pro- 
duced the maximum weight of large sized prunes which was not closely 
related to the numbers of prunes on the trees. In each of the 3 years 
that the slope was downward it was due to the fact that certain plots 
were lower than the others in their yield of large sizes probably be- 
cause of soil moisture conditions. The plan of the experiment is to 
allow some of the plots to reduce the soil moisture to the permanent 
wilting percentage, before replenishing the supply. Other plots are 
irrigated when the soil moisture is about 3 per cent above the perma- 
nent wilting percentage. In order to secure contrast between these two 
groups, the former, in a few cases, were not irrigated until the last 
moment. Then, because of the acreage involved, several days were 
required to apply the water with the result that sometimes these plots 
were reduced to the permanent wilting percentage and some of them 
apparently remained at this moisture content long enough to affect the 
size of the fruit. The short delays in applying the water seemed to affect 
the large sizes more than either the small or medium. The upward 
slope in 1935 may have been due to the exceptionally light crop of 
that year. 
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The curves for the large sizes in the dry plots were horizontal or 
nearly so in 6 of the 8 years of the experiment, and downward in 2. 
In all cases they were below those of the wet plots, indicating the effect 
of lack of moisture on the weights of large sized fruits produced. 

Summary 

During an 8 year trial, French prune trees at Davis, California, 
produced approximately equal percentages of medium sized dried 
prunes whether they were irrigated or not. On the average, 38.6 per 
cent of the crop from the irrigated plots, and 38.7 per cent from the 
dry plots were of medium size. 

The weights of small sized prunes increased with the numbers of 
prunes borne in both the irrigated and the dry plots. The weights of 
small sizes in the dry plots were further increased by the lack of 
readily available soil moisture during the growing season. 

The weights of small prunes in the wet plots were affected by the 
numbers of fruits on the trees, while in the dry plots the weights of 
small fruits were affected by both numbers borne and by irrigation 
treatment. 

The weights of medium sized prunes in the irrigated plots also 
increased with the numbers of fruits on the trees. 

In the dry plots the weights of medium sized fruit showed fairly 
close relationship to the numbers on the trees during 3 years, but not 
during the other 5. 

The weights of large sized prunes in the wet plots did not show a 
close or consistent relationship with the numbers of fruits borne. 
Apparently, in some seasons there is little or no increase in weight 
of large size fruit with an increase in numbers, and in some years 
there is a decrease in weight with an increase in numbers. 

In a similar way the trees in the dry plots produced less fruit of 
large size than the irrigated trees, and the weights produced were not 
closely related to the numbers of fruits borne. 

With prune trees that did not suffer for water during the growing 
season, the weights of the various sizes of dried fruit were largely 
determined by the amount of crop set. With unirrigated trees the 
weights of the various sizes were determined by the numbers of fruit 
on the tree and by the irrigation treatment. 

Lack of available moisture during the growing season increased the 
weights of the small or undesirable sizes, decreased the weights of large 
sizes but did not markedly influence the weights of the medium sizes. 
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Apple Blossom Removal With Caustic Sprays 

By L. H. MacDaniels and M. B. Hoffman, Cornell University, 
Ithaca. AT. F. 

I N THE 1939 Proceedings, data were reported (1) indicating that 
Elgetol in concentrations of .1 to .2 per cent applied to apple blos- 
soms on bagged unit-branches wras effective in preventing the set of 
Rhode Island Greening without serious damage to the foliage. Investi- 
gations herein reported were carried on to determine the effect of this 
material and also of Reico (a tar oil), applied to blossoming trees of 
different varieties under orchard conditions. In these experiments the 
trees were sprayed thoroughly from the ground with a 'Triend'' single 
nozzle gun under 450 to 500 pounds pressure. 

Table I gives the results obtained with the variety Wealthy. The 
trees were mature, growing in sod with plenty of space and pruned out 
rather thin. The growth show^ed evidence of nitrogen deficiency. The 
trees were blossoming fully with about 95 per cent of the spurs bearing 
flowers. On May 27, the date of the first spraying, about two-thirds 
of the blossoms were open and on May 29 at the time of the second 
spraying, practically all of the blossoms were open with some petals 
falling (Table I). 


TABLE I — ^The Effect of Elgetol Applied During Bloom on the Set of 
Apple Fruit (Wealthy, Spring 1940 , Counts Based 
ON Unit Branches) 


Treatment 

Number 

Blossoming 

Spurs 

Blossoming 
Spurs With 
Fruit 

(Per Cent) 

Number 
Fruits per 100 
Blossoming 
Spurs 

Injury 

CKeek. . . . 

144 

93 

111 

149 

18.1 

29.0 

2.7 

45.0 

21 

32 

3 

58 




.I^^er cent, May 27 and 29 . . 

Medium 



.1 per cent, May 27 and 29 . . 
(5ieck 

116 

152 

59 

129 

6.0 

28.9 

0 

0 

6 

31 

0 

0 

Slight 

-2 per cent. May 27 and 29 . . 
.2 per cent. May 27 and 29 . . 

Severe (weak tree) 
Medium 

.2 per cent. May 27 

C^eck 

69 

76 

136 

83 

104 

107 

115 

188 

0 

26.3 

33.1 

0 

8.6 

57.0 

60.9 

20.7 

0 

29 

37 

0 

9 

72 

81 

22 

Medium 

Check 


.2 per cent, May 27 

.1 per cent, May 27 

Check 

Medium 

Medium 

Check 


.1 per cent, May 27 

Slight 


Probably the best expression of the effectiveness of the different 
treatments in preventing set is the number of fruits set per 100 blos- 
soming spurs. Expressed in this way, 20 to 25 fruits per 100 blossom- 
ing spurs would be considered a commercial crop. Averaging the 
different treatments in Table I gives for the checks, 45 fruits per 100 
blossoming spurs; .1 per cent Elgetol applied once, IS fruits; .1 per 
cent applied twice, 4.5 fruits ; .2 per cent applied once, 0 fruits ; .2 per 
cent applied twice, 0 fruits. Counts were based on unit branches 
selected at the time of blossoming as being representative of the whole 
tree. 
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In referring to the amount of injury the term '‘slight” means that 
leaves were somewhat crinkled at the edges with occasional brown 
spots near the edges but that no spurs were killed. “Medium” injury 
indicates a condition where many leaves were noticeably browned on 
the edges and a few spurs were dead. In “severe” injury all the leaves 
were burned on the margins and about one-fifth of the spurs dead. 

In another orchard in a high state of vigor, five Wealthy trees were 
sprayed with .1 per cent Elgetol. Only about one half of the blossoms 
were out, with some of the buds on the terminals and laterals very 
tightly closed. Five checks averaged 94 fruits per 100 spurs. The five 
treated trees averaged 69 fruits. It is obvious that the set was very 
high on both. Failure to inhibit the set was apparently related to the 
closed blossoms at the time of spraying which were not seriously 
injured. The higher set on the checks as compared with the orchard 
reported in Table I is probably due to the greater vigor of the trees. 

The results with variety Wolf River are reported in Table II. The 


TABLE II — The Effect of Elgetol Applied During Bloom on the Set 
OF Apple Fruits (Wolf River, Spring 1940, Counts 
ON Unit Branches) 


Treatment 

Number 

Blossoming 

Spurs 

Blossoming Spurs 
With Fniit 
(Per Cent) 

Number of Fruits 
per lOO Blossom- 
ing Spurs 

Injury 

.1 percent 

43 

1S.6 

19 

None 


47 

46.8 

68 


.1 percent 

47 

3.9 

5 

Slight 

.1 per cent 

65 

4.6 

4.6 

Slight 

.2 per cent 

43 

7.0 

7 


r'.’hAi'lr 

44 

52.3 

61 


,2 per cent 

54 

7.3 

7 

Slight 

Check 

IIS 

22.0 

25 


.2 percent 

92 

1.1 

1 

Slight 

Check 

74 

21,6 

24 


Check 

81 

45.6 

51 



orchard was in sod and the trees in fair condition, possibly somewhat 
lacking in nitrogen. The trees were in full bloom at the time of 
application. 

In this orchard the five check trees averaged 46 fruits per 100 blos- 
soming spurs. Three trees sprayed with .1 per cent Elgetol averaged 
9,6 fruits and the three trees sprayed with .2 per cent Elgetol, five 
fruits per 100 blossoming spurs. The injury to foliage in this orchard 
was very slight. 

Three Oldenburg trees in a well-cared-for western New York 
orchard were sprayed with .1 per cent Elgetol. The blossoming was 
very heavy with about nine-tenths of the flowers open. The average 
of three checks was 43 fruits per 100 spurs. The average for the 
treated trees was 24 fruits per 100 spurs, or about a commercial crop. 
Distribution of the fruits, however, was somewhat uneven so that 
some thinning would have been necessary to break clusters. Clusters 
with several of fruits set were apparently those which were not open at 
the time of spraying. 

In the Pomology Department orchard at Ithaca, 30 year Oldenburg 
trees were sprayed with Elgetol at different stren^hs with the follow- 
ing results; Eight check branches averaged 23.1 fruits per 100 bios- 
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soming spurs. Two trees vSprayed once on May 22 with .1 per cent 
Elgetol averaged 19.6 fruits; two trees sprayed twice, May 22 and 
May 24th with .1 per cent, gave 8.3 fruit and two trees sprayed once 
on May 23 with .2 per cent "gave 11.2 fruits per 100 spurs. Injury to 
the foliage of trees sprayed twice with .1 per cent solution was medium 
to severe with considerable spur killing. Injury from one application 
of ,2 per cent solution was slight to medium. The relatively heavy set 
of fruit on the trees sprayed only once with .1 per cent Elgetol is 
undoubtedly related to the amount of unopened bloom. One tree 
sprayed with Reico lost all its leaves but held a few fruits. 

In an uncared for orchard in western New York, 30 trees of several 
different varieties were sprayed with Elgetol at .1, .2, and ,3 per cent 
concentration and with Reico at manufacturer's directions (1 gallon 
to 65 gallons water). Because of poor soil management and lack of 
insect and disease control in this orchard the checks did not set con- 
sistently and the data obtained were of little value. It was obvious that 
Reico applied at full bloom is so caustic that all foliage is burned off. 
Elgetol .3 per cent also produced very serious injury on three Northern 
Spy trees, killing most of the spurs and leaves. One tree sprayed with 
.3 per cent Elgetol using a broom type of gun showed less injury than 
those sprayed with the single nozzle gun. 

The work herein reported should be considered as of a preliminary 
nature only and certainly gives no basis for recommendations as to 
the commercial use of Elgetol in controlling fruit set. Several points, 
however, seem fairly clear, (a) Elgetol is certainly one of the most 
promising materials for further experiments in bloom control, (b) 
The concentrations which are most promising are between .1 and .2 
per cent, (c) Failure to control the set is related to the proportion 
of blossoms open and in the early stages of bloom. Closed blossoms 
are not killed by the spray, nor are blossoms that have been pollinated 
for a sufficiently long time to permit fertilization, (d) There is notice- 
ably less injury to the foliage of vigorously growing trees than to trees 
of weaker growth, (e) Reduction in set was less with trees having 
ample nitrogen than with those which were nitrogen deficient. 

The varieties Oldenburg and Wealthy are a special problem in that 
they will set under adverse conditions. They also produce blossoms 
from lateral and terminal buds on vegetative shoots which open several 
days after those on spurs. This spread of bloom makes it necessary 
to spray at least twice in order to control fruiting. The whole matter 
of spraying in bloom to remove blossoms altogether or to thin the 
crop requires further study especially as to its injurious effect on the 
leaf surface. Injury to foliage even with dilute solutions may be such 
that the use of Elgetol may be inadvisable in the long run. 
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Effect of Branch Ringing Before and After Blossoming 
on the Fruit Set of the Delicious Applet 

By W. H. Griggs and A. Lee Schrader, University oj Maryland, 
College Park, Md. 

studies here prespted were initiated in the spring of 1940 and 
constitute only a preliminary phase of a more extensive investiga- 
tion concerning factors associated with productiveness in the Delicious 
apple. 

Murneek (3) has recommended ringing at the time of full bloom 
to increase fruit set for several apple varieties including Delicious. 
Greene ( 1 has reported greater setting of Grimes on branches when 
ringed April 28, 1931 and May 18, 1931 as compared with branches 
ringed May 1 and May 4. Heinicke (2) also has reported an increased 
set of fruits on several apple varieties as the result of ringing branches 
just before the blossoms opened. This study on Delicious contem- 
plated a more thorough investigation of the time of ringing as a factor 
in increasing set. A measure of the variability in trees in response to 
this ringing treatment was also obtained. 

Forty 20-year-old Delicious trees growing on Chester clay loam soil 
under blue grass sod were selected for these ringing studies. Prior to 
1938, the trees received nitrate of soda annually at the rate of 5 
pounds per tree and a moderate amount of pruning. In 1938, the 
grower, feeling that the trees were excessively vigorous, discontinued 
fertilizer and pruning treatments, with the intention of increasing 
production. In spite of the fact that these trees have blossomed pro- 
fusely and have made vigorous growth, they have been consistently 
low yielding ; however, no data were available relative to the percent- 
age set for the years prior to the beginning of these studies. 

For the present study four large branches, about 3 inches in diameter 
at the base, were selected for ringing on each tree. One of the four 
liranches was ringed May 3 at the pink stage, another May 16 imme- 
diately following petal fall, and still another on June 2. The fourth 
branch served as a check for the three ringed branches. Ringing was 
accomplished by means of a pruning saw of the curved type and the 
wounds were sealed with grafting wax. Counts were based on approxi- 
mately 100 blossom clusters tagged on the outer part of each branch. 


TABLE I — Effect of Branch Ringing Before and After Blossoming 
ON THE Fruit Set of 20-Years-Old Delicious Apple Trees, 1940 
(Mean for 40 Trees) 


Treatment 

Mean Set Per 100 Clusters 

ClieclC'"(no ringing) 

7.73 

Ringing on May 3 

10.94 

0^1 Ms-y 16 

13.06 

8.13 

Ringing on June 2 


Difference required for sigfnificance at 5.0 per cent level =2.98; at 1.0 per cent level 3.86. 
P value for trees =4.19**; for treatments 5.07**. 

**Significant beyond the 1 per cent point. 


^Scientific Contribution No. 535, Department of Horticulture, Maryland Agri- 
cultural Experiment Station. 
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Lanolin Emulsions as Carriers of Growth Substances 

By R. L. WiNKLEPLECK and J. A. McClintock, 

Purdue University y Lafayette, hid. 

I N THEIR efforts to make use of growth promoting substances, re- 
search workers have encountered difficulties in their application, 
method which serves very well for applying growth promoters to 
small areas of plant tissue such as a sti^na or other limited surface, is 
less satisfactory when employed in treating larger areas of stem tissues 
to stimulate root formation on a scale suitable for transplanting. In 
order to overcome such difficulties it was necessary to work out a 
method to facilitate application to larger plant surfaces without losing 
the proven merits of the methods used in small applications. 

Since the methods of applying plant growth promoting substances 
by the writers proved advantageous to their work, these details are 
presented in the interest of advancing the use of growth promoting 
substances in solving plant problems. 

The literature on plant growth substances abounds with references 
to lanolin as a carrier for the various substances. More recently, how- 
ever, there has been a trend toward the use of talc, and other finely 
powdered materials as carriers for some of the same growth substances 
for which lanolin was formerly used. This indicated the desire on the 
part of various workers for a carrier which could be applied more 
easily and with greater uniformity. While powders appeared to have 
accomplished these ends, they lacked the adhesive qualities of lanolin 
carriers. 

In studies which the writers conducted considerable areas of woody 
stem tissue were treated with growth promoting substances to stimu- 
late root formation. For such treatments it was difficult to make uni- 
form applications with lanolin as a carrier, because it resulted in an 
irregular spread: some portions of the treated stems being covered 
with a thick layer , w'hile other areas had little or no covering. When 
talc was substituted for lanolin more uniform distribution was obtained, 
but in the mechanics of transplanting these .woody materials, consider- 
able amounts of the powder were dislodged from the treated areas. 

Seeking to retain the adhesiveness of lanolin, while improving the 
spreading qualities of the carrier, the writers undertook to develop a 
suitable lanolin emulsion to serve their needs. The results have been 
satisfactor}% and it is believed that lanolin emulsions have advantages 
in unifonnity of application. 

In preparing lanolin emulsions triethanolamine was found to be a 
very satisfactory emulsifying agent, both from the standpoint of ease 
of preparation, and in the stability of the finished emulsions. In pre- 
paring an emulsion with triethanolamine four ingredients are used, 
namely, the oil to be emulsified, ’ (in this case lanolin), water, fatty 
acid, and triethanolamine. Stearic acid is usually a more satisfactory 
fatty acid, when lanolin is to be emulsified, but others such as oleic, 
linoleic, and so on, may be used. 
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Because it was desirable to vary the consistency of the emulsion 
after it was prepared, the ‘Vater method’^ of emulsification proved 
most satisfactory. The process was essentially as follows: The trie- 
thanolamine, stearic acid and water were heated together until the 
stearic acid was melted. The mixture was stirred to a creamy soap 
solution, and the lanolin then added. The heating was continued with- 
out stirring until the lanolin was completely melted. This mixture, held 
just below the boiling point of water, was then stirred vigorously until 
a thick creamy uniform emulsion was formed. The emulsion was then 
allowed to cool, in a water bath, with frequent stirring until it reached 
room temperature or about 75 to 80 degrees F. 

A formula that will produce a smooth, nearly white, emulsion which 
will remain stable almost indefinitely at room temperature, requires 
the following: Lanolin 38 grams, stearic acid 7.5 grams, triethano- 
lamine 2.7 grams and water 100 grams. This fonnula will produce an 
emulsion having the consistency of “theatrical cold cream’’. By adding 
more water either to the original formula or later to the finished emul- 
sion, the emulsion can be given any desired consistency. Accurate 
weighing of all ingredients is desirable for maximum stability, but it 
is especially important to use exactly the correct amount of triethanol- 
amine, because of the small quantity necessary in the formula. 

Tap water should not be used, because the presence of any soluble 
acids or alkalies tend to reduce the stability of the emulsion. Distilled 
water will result in a uniform stable emulsion. The importance of 
thoroughly stirring until complete emulsification has been effected 
cannot be over emphasized. 

It was observed that thicker emulsions were stable indefinitely, while 
an emulsion having the consistency of light oil showed a tendency to 
separate after a few weeks. It is therefore recommended that an emul- 
sion having the consistency of theatrical cold cream be made if a large 
supply is being prepared. For immediate use this may be diluted with 
distilled water which should be added slowly with constant slow stir- 
ring to lessen the possibility of separation. 

When adding the growth promoting substances to prepared emul- 
sions, the crystals should first be dissolved in the minimum amount of 
a suitable solvent, and then this solution slowly added with constant 
stirring to the emulsion. When relatively low concentrations of growtli 
substances are used, ethyl alcohol, 95 per cent to absolute, will be found 
satisfactory as a solvent. Since alcohol decreases the stability of the 
emulsion, only small amounts can safely be added. It was found that 
dioxane^ is a better solvent of the organic acids and amides than 
alcohol. It also seemed to have little deleterious effect on emulsion 
stability. Dioxane is therefore recommended when high concentrations 
of growth promoters are being used. Another solvent, carbitol,^ while 
not as effective as dioxane, was much more satisfactory as a solvent 
than ethyl alcohol, since it had no apparent effect on emulsion stability. 
The described emulsion has a l^w alkalinity, being about pH 8, and 
seems to have no detrimental effect on plant tissues. 

^1,4-Dioxane. 

®Diethylene Glycol Monoethyl Ether. 
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When this emulsion was thinned too much it was difficult to keep it 
from spreading beyond the limit of the treated tissue. When diluted 
with distilled water to the consistency of thick paint the writers were 
able to apply it with a small brush. Sizeable areas were covered, rapidly 
and uniformly, the emulsion remained where it was spread and sub- 
sequent handling resulted in a negligible loss of material. 

The experience the writers have had with lanolin emulsion justified 
their recommending it in places where neither powders nor lanolin 
paste are entirely satisfactory as carriers of growth promoting sub- 
stances. 



Some Results in Controlling the Pre-Harvest Drop 
of McIntosh Apples (Preliminary Report) 

By M. B. Hoffman, Cornell University, Ithaca, N, Y. 

TJECAUSE of the seriousness of the pre-harvest drop problem in 
^ the production of McIntosh apples, much interest has been shown 
in the recent development of spraying the trees with certain growth 
substances (naphthalene acetic acid and naphthalene acetamide) to 
control drop. Gardner, Marth, and Batjer (1) presented data to show 
that an application of naphthalene acetic acid would reduce the drop 
of McIntosh ; but the period of effectiveness for this variety was only 
8 or 9 days, while for some other sorts, drop was controlled for 2 or 
3 weeks. 

Spray tests were conducted in New York State during 1940 for the 
purpose of extending the control of drop for a period of time sufficient 
to obtain satisfactory color and maturity. The mean temperature for 
the State during September was 59.1 degrees F, or a daily deficiency 
of 2.0 degrees. This cool weather favored good color development and 
resulted in the minimum drop. In one three-acre orchard in the Hud- 
son Valley, check trees dropped only 1.5 per cent of their crop, while 
all the sprayed trees in eight different treatments dropped less than 
1 per cent. 

The pre-harvest drop in some of the experimental orchards in west- 
ern New York was sufficiently heavy to yield reliable data. The sprays 
were applied just as the drop of perfect commercial fruits was starting. 
Table I shows all treatments used equally effective in controlling drop 
for a period of 8 to 10 days. The maturity of this crop would have 
benefitted if picking had been delayed for several more days, in which 
case the stronger concentration and duplicate application may have 
shown to advantage. There was apparently no difference in the effec- 
tiveness of naphthalene acetic acid and naphthalene acetamide in this 
test where 25 trees were used in each treatment. 

TABLE I — ^Effect of Naphthalene Acetamide and Naphthalene Acetic 
Acid Sprays on the Dropping of McIntosh 


Spray Applied Sep 16. Fruit Picked Sep 24, 25, and 26 
Treatment 

0.0005 per cent Naphthalene acetamide 

0,0006 per cent Naphthalene acetic acid 

0.001 per cent Naphthalene acetic acid . 

Check.^ ? f. 

^Average 26 trees per treatment, 13-yr. old, 6.4 bushels total yield per tree. Maximum tempera- 
ture September 16, 73 degrees P; September 21, 82 degrees P. 

In a closely planted, heavily fertilized McIntosh block, check trees 
dropped 48 per cent of their crop from September 17 to 28. Table II 
shows that a duplicate application of naphthalene acetic acid effectively 
controlled the drop in this orchard for 11 days. It is possible that these 
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Per Cent Drop* 
Sep 16-Pickmg 

3.1 

2.9 

2.8 

2.7 

20.2 
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sprays would have prevented drop for a longer period but excellent 
color and maturity had developed before picking. 


TABLE II— Effect of a Duplicate Application* of Naphthalene Acetic 
Acid on the Dropping of McIntosh 


Treatment 

Date Sprayed 

Date Picked 

Per Cent Drop* 
Sep 17 to Sep 28 

0.0005 per cent 

Sep 17 i 

Sep 28 

6.2 

O.flOl pfif 

Sep 23 



0-001 per cent 

Sep 17 

Sep 28 

3.6 

0.001 per cent 

Sep 23 



Check : 


Sep 28 

48.0 


^Average of 6 trees per treatment, 25-yT. old, 17.5 bushels total yield per tree. Maximum tem- 
perature September 17, 73 degrees P; September 23, 76 degrees F. 


The results of a comparison of a single and a duplicate application 
of naphthalene acetic acid is given in Table III. On October 1, there 
was little difference in the final drop between trees receiving one spray 
and those receiving two. Abnormally cool weather prevailed on Sep- 
tember 26 when the second spray w’as made, which makes it difficult 
to evaluate this application. 


TABLE III— Effect of Single and Duplicate Applications of .001 Per 
Cent Naphthalene Acetic Acid on the Drop of McIntosh 


Date Sprayed 

Date 

Picked 

Per Cent Drop 
Sep IS to Sep 25 

Per Cent Drop* 
Sep 18 to Oct 1 

Sep 18 and Sep 26 

Oct 1 

2.1 

5.4 

Sep 18 

Oct 1 

2.1 

9.1 

Check 

Oct 1 

19.5 

43.5 


♦Average eight trees per treatment, 18-year old, 19.6 bushels total yield per tree. Maximum 
temperature Aug 18, 76 degrees F; Sep 26, 59 degrees F. 
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Spraying for Control of Pre-Harvest Drop 
of Apples in New Mexico 

By J. V. Enzie and G. W. Schneider, Nezv Mexico State College, 
State College, N. M. 

'C'VIDENCE of the value of hormone sprays as a means of Control- 
'Ll ling the pre-harvest drop of apples is being reported from many 
sections of the country. Some of the evidence supports the findings of 
Gardner, Marth, and Batjer (2) of the United States Department of 
Agriculture, that both naphthaleneacetamide and naphthalene acetic 
acid are effective in preventing or at least delaying the pre-harvest 
drop. Murneek (4) reports definite response as a result of spraying 
the Delicious and Winesap varieties with these two substances. How- 
ever, McCown and Burkholder (3) report that under the conditions 
of their experiments at Lafayette, Indiana, in 1939, a .0001 per cent 
concentration of a-naphthalene acetic acid was of doubtful value when 
applied to certain fall and winter varieties. 

New Mexico has a serious drop problem and since growing condi- 
tions are somewhat different from those of other areas previously 
reported, it was felt that investigations of this nature would be of 
value. The drop of apples in the southern irrigated valleys of New 
Mexico is not confined to a pre-harvest period, but rather to a period 
which extends from the drop*' until harvest. However, the drop 
is heaviest just prior to harvest. Furthermore, the drop is not confined 
to certain varieties, for all of them now being grown in the experi- 
mental orchard show this tendency. The problem is further compli- 
cated by rather heavy infestations of the codling moth, which ac- 
centuate the drop. Under Mesilla Valley conditions, there are four 
complete generations, with a distinct break between the first and 
second broods, after which emergence is continuous throughout the 
season (1). With these conditions in mind, a series of experiments 
to determine the effectiveness of the aforementioned hormone sprays 
in controlling this drop was initiated in 1940. 

Materials and Methods 

For these experiments, twelve 14-year-old Stayman Winesap apple 
trees located in the college orchard were selected. The orchard is sit- 
uated in the Mesilla Valley, in southern New Mexico, at an altitude of 
about 3,900 feet. The trees were growing in a Gila fine sandy loam 
soil, having a pH of about 8.0. All trees in the experiment were sub- 
jected to similar production practices of irrigation, spraying, etc. These 
were divided into four groups of three each, and, insofar as possible, 
the groupings were based upon size of tree, size of crop, and previous 
drop that season. Each group included a check tree and two treated 
trees, thus making four replications of each treatment. 

Growth Substances and Application: — Naphthaleneacetamide and 
naphthalene acetic acid, each at the approximate strength of .001 per 
cent, were employed in these experiments. Weighed amounts of the 
above substances were first dissolved in 400 cubic centimeters of ethyl 
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alcohol and then added to water in a clean spray tank. No supple- 
mentary materials were added. The treated trees were thoroughly 
covered by using, on each tree, approximately 25 gallons of the spray, 
applied at a pressure of about 250 pounds. Two applications were 
made to each of the treated trees. The first was applied on August 26, 
approximately 5 weeks before normal harvest, and the second on 
September 10. 

Climatic Conditions: — ^Dui'ing the course of the experiment the total 
rainfall was 1.28 inches. This was distributed as follows : September 6, 
.11; September 18, .16; September 20, .83; September 23, .03; and 
September 29, .15 inches, respectively. This was in addition to stand- 
ard irrigation practices. 

Temperatures were recorded by means of a thermograph set up in 
the orchard. For convenience in presenting these data, the course of the 
experiment may be divided into two periods corresponding with the 
two spray applications which were made. Period I extends from 
August 26 to September 10, and Period II from September 11 to 
September 30. The mean maximum temperatures for these periods 
were 91 and 85 respectively, and the mean minimums were 60 and 58. 
During the course of the experiment there were 10 days in the first 
period and five in the second on which the temperature reached 92 or 
above, and on two occasions in the first period it reached 97 degrees F. 
These temperatures are rather typical for the Mesilla Valley for the 
period covered. 

Wind velocity was recorded by an official weather station located 
about one mile east of the orchard. On two occasions rather strong 
winds prevailed. On September 5 a maximum velocity of 26 miles 
per hour was reached, and on September 11 it reached 28 miles per 
hour. 

Drop Records : — ^The drops were collected at 3- or 4-day intervals, 
beginning 1 week prior to the application of the initial spray. All apples 
which fell on or before August 28 (two days after the first spray 
application) were discarded and were not included in the calculations. 
The drop apples were segregated into two groups, wormy and sound, 
and then counted and weighed. All calculations of percentage drop 
were based on the total number of apples on the tree as determined by 
actual count. The fruit was harvested on September 30. The data were 
analyzed by the variance method of Snedecor (5). The authors appre- 
ciate the deficiencies of the method of analyzing this type of data, 
however field observations support the results of the analysis. 

Results 

Sound Fruit.' -The results of these tests, based on sound fruit only, 
are presented in Table I. It will be observed that although there was 
considpable drop from all trees in the experiment, it was much less 
from the trees that were treated. The large variation within the treat- 
ments shown in Table I (also Table IV) may be explained by the fact 
that the trees grouped in replication 2 were larger and more vigorous 
at the time of this experiment. The data in Table I were subjected to 
an analysis of variance and the experiment as a whole was found to be 
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highly reliable (odds, 100:1). The least significant difference between 
the means of the treatments (odds, 20:1) was 8.4. Thus it appears 
that naphthalene acetic acid was significantly better than naphthalene- 
acetamide, and, also, that both materials were significantly better than 
the check. 

TABLE I — Effects of Naphthalene Acetic Acid and Naphthalene- 
acetamide ON Abscission of Sound Stayman Winesap Fruits 


Total Per Cent of Crop That Dropped August 28 to September 30 


Replication 

Naphthalene Acetic 
Acid .001 Per Cent 

Naphthaleneacetamide 
.001 Per Cent 

Check 

1 

37.7 

39.9 

63.5 

2 

21.7 

29.7 ! 

48.3 

3 

42.1 

49.8 

59.5 


29.2 

47.7 

65.8 

Average 

32.7 

41.8 

59.3 


Concerning the duration of the effectiveness of these sprays, Gardner 
et al. (2), report that naphthalene acetic acid and naphthaleneacet- 
amide reached their peak of effectiveness about 5 or 6 days after appli- 
cation and continued for a period of 2 to 3 weeks. They state further 
that the period of effectiveness would vary somewhat, depending upon 
the concentration, the temperature, and the variety. Under the condi- 
tions of these experiments the materials used appeared to be effective 
for a period of at least 15 days after the first application (Table II). 
The second spray did not appear to be effective for as long a period 
as the first application, for there was a gradual increase in the per 
cent of drop from the time of the second application until harvest. The 
data presented in Tables II and III are calculated on the basis of the 
total crop on the trees 2 days after the first spray was applied. 

Gardner et al. (2) suggest that naphthalene acetic acid and naph- 
thaleneacetamide are less effective at low temperatures. In view of this, 
the difference in effectiveness between the first and second sprays 
might be explained in part by the somewhat lower temperatures which 
occurred during the second period. During the first period the mean 
maximum temperature was 91 degrees F and the mean minimum was 
60, while during the second period, the mean maximum was 85, and 
the mean minimum was 58. 


TABLE II — Periodical Rate of Drop in Per Cent 





Period I 



Period H 


Treatment 

Number 
of Trees 

1 Days After First Spray 

Days After Second Spray 


5 





7 

11 

14 

17 

20 

Naphthalene acetic 
acid .001 per cent. . . 

4 

.65 

.37 

2.3 ] 

1 

1.8 

3.3 

1.3 

3.1 

5.3 

6.7 

7.9 

N aphthaleneacetamide 
.001 per cent 

4 

1.25 i 

.96 i 

2.4 1 

i.r 

5.3 

4.1 

3.8 


7.9 

9.1 

Check 

4 

3.1 

3.0 

5.7 

3.2 

7.2 

6.8 

9.4 

9.0 

6.9 

5,1 


There is no doubt that winds disturbed a normal course of events. 
Reference to Table II will reveal that the per cent drop, occurring 
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12 clays after the first spray was applied, is rather high. This may be 
explained by a high wind (velocity 26 miles per hour) which occurred 
on September 6. Likewise on September 11, 16 days after the first 
application, the wind reached a velocity of 28 miles per hour, causing 
many apples to drop. 


TABLE III — Average Accumulated Per Cent Drop of Total Crop 
(Sprayed August 26 and September 10 ) 



Number 





Date 





Treatment 

of 

Trees 

Aug 

31 

Sep 

3 

Sep 

7 

Sep 

10 

Sep 

14 


Sep 

21 

Sep 

24 

Sep 

27 

Sep 

30 

Naphthalene acetic 












acid .001 per cent. . . 

4 

.65 

1.02 

3.32 

5.12 

8.42 

9.72 

12.82 

18.12 

24.82 

32.72 

Naphthaleneacetamide 












.001 per cent 

4 

1.25 

2.21 

4.61 

6.31 

11.61 

15.71 

19.51 

24.91 

32.71 

41.81 

Check 

4 

3.1 

; 6.1 

11.8 

15.0 

22.2 

28.9 

38.3 

47.3 

54.2 

59.3 


Wormy Fruit : — It is generally believed that a large percentage of 
the fruits that are infested with codling moth larvae drop from the 
tree. It is probable that when the insect enters the apple certain con- 
ditions may be set up whereby the abscission layer forms and the fruit 
falls. Evidence in support of this view may be found in Table IV. 
It may be observed that, on the untreated trees, there was an average 
drop of 88 per cent of the fruits that were infested with the codling 
moth larvae. Furthermore, by comparing the check treatments in 
Tables I and IV, it will be noted that although a large per cent of 
sound apples dropped, the per cent of the wormy apples that fell was 
much higher. In view of this, it is interesting to observe the effect of 
the hormone sprays in preventing fruits infested with codling moth 
from falling. The data secured from these studies are presented in 
Table IV. 

TABLE IV — ^Effects of Naphthalene Acetic Acid and Naphthalene- 
acetamide ON Abscission of Wormy Apple Fruits 


Treatment 

Number 

of 

Trees 

Per Cent 
Wormy Fruit 
of Total 
Crop* ^ 

1 

Replication 

2 3 

4 

Average 

Naphthalene acetic acid .001 







per cent 

4 

9.3 

72.0 

35.1 69.7 

56.1 

58.2 

Naphthaleneacetamide .001 







per cent 

4 

8.7 

76.8 

59.4 71.7 

74.3 

70.5 

Check 

4 

9.5 

94.4 

65.7 96.4 

95.7 

88.1 


w'orm in them. Stings were not 


It will be observed that the results are very similar to those secured 
from the sound fruit, that is, both materials reduced the drop by 
significant proportions (odds, 100:1). The comparative effectiveness 
of these two materials was the same as for sound fruit, in that naphtha- 
lene acetic acid apparently was more effective (odds, 20:1) than naph- 
thaleneacetamide. Reference to the data in Table IV will show further 
that although the materials were effective in reducing the drop of 
wormy fruits, the total per cent drop of these fruits was high. It there- 
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fore follows that these sprays do not appreciably increase the number 
of wormy fruits to be handled in the picking and grading processes. 

Conclusions 

Under the conditions of these experiments, both naphthalene acetic 
acid and naphtha! eneacetamide used at the approximate strength of 
.001 per cent were eflfective in delaying the pre-harvest drop of Stay- 
man Winesap apples. These materials were eiffective for a period of at 
least 15 days after the first application. A second spray apparently was 
not effective for as long a period as the first, possibly because of some- 
what lower temperatures which occurred during the second period. 
The data indicate that these materials are effective in reducing the 
drop of apples which have been infested by the codling moth, but not 
to the extent that handling costs are appreciably increased. In this 
experiment naphthalene acetic acid was more effective than naphtha- 
leneacetamide in reducing the pre-harvest drop. Since the above con- 
clusions are based on only one year's data, this paper must be con- 
sidered a progress report. 
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The Use of Naphthaleneacetic Acid and Its Derivatives 
for Preventing Fruit Drop of Apple 

By A. E. Hitchcock and P. W. Zimmerman, Boyce Thompson 
Institute for Plant Research, Inc., Yonkers, N. Y. 

U NDER the conditions of our experiments pre-harvest sprays were 
effective in reducing drop in some cases and not in others. Five 
different substances and five varieties of apple were used. Varietal 
differences were encountered similar to those reported by others (3, 
5, 6). No one derivative of naphthaleneacetic acid was noticeably more 
effective than another in comparative tests on the same trees. There 
were marked differences in the response of different trees of the same 
variety, and different branches on the same tree regardless of the 
treatment received. The results are based on counts made of 18,000 
fruits. 

Experimental Results 

McIntosh : — On August 27, 1940, naphthaleneacetic acid, naph- 
thaleneacetamide, naphthoxyacetic acid, and naphthoxyacetamide were 
applied at a concentration of 7.5 mg/1 as sprays to different branches 
of tree No. 1-PK. Casein was used as a spreader in these solutions 
and also as a control spray. This treatment was repeated on October 
3 on the same branches and again on October 11. The third spray solu- 
tion was made up in a concentration of 15 mg/1 instead of 7.5 mg/1. 
At this time (October 11) the naphthaleneacetic acid spray was ap- 
plied also to branches not previously treated. 

Several branches were used for growth substance treatment and for 
control sprays. At least for some of the treatments and also the con- 
trols, branches w^ere selected in different locations so as to compensate 
for variability of normal drop in different parts of the same tree. Thus 
the average percentage drop of fruit shown in Figs. 1 and 2 was based 
upon several to many separate counts which were recorded on lahds 
attached to individual branches. In addition, the percentage drop from 
the entire tree was obtained by counting periodically the fruits which 
had fallen to the ground, including those which had fallen before tlic 
spray was applied. 

The procedure just described was used also for treatment of the 
other McIntosh trees except that the same substances or the same 
concentrations were not used in all cases. Casein was used according 
to the manufacturer's directions as a spreader for all solutions applied 
to tree No. 1-PK. Casein and 0.5 per cent Penetrol were used sepa- 
rately as spreaders for solutions applied to tree No. 1, Penetrol was 
used as the spreader for solutions applied to trees No. 2 and No. 3. 
Spray solutions were applied with a knapsack sprayer in these and in 
all other tests. Results of tests on potted tomato plants showed that 
the growth substance in the spray solutions was not inactivated by 
either Casein or Penetrol. 

The percentage fruit drop varied considerably for different branches 
regardless of the treatment administered. Likewise the average per- 
centage drop varied for any given treatment on the same tree and 
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Fig. 1. Effect of growth substance sprays on fruit drop of McIntosh apple. 

A (upper left), B (upper right), and C (lower left), trees planted 1928. 
NA, naphthaleneacetic acid; NOAA, naphthoxyacetamide ; KNA, potas- 
sium naphthaleneacetate ; NAA, naphthaleneacetamide ; NO A, naphthoxy- 
acetic acid. D (lower right), tree planted 1924. 

on different trees. Some of these variations are shown in Fig. 1. 
Differences between the percentage drop from the east and west sidp 
of a tree are shown in Fig. 1, D for control branches. Variation in 
duplicate treatment is shown for naphthaleneacetamide in Fig. 1, B. 
In all other cases the average percentage drop is given. 

Treatments started August 27 were not effective for reducing fruit 
drop during any part of the 6 weeks after the first spra.y was applied 
(Fig. 1, A and D). Of the sprays applied during the period September 
11 to 16 potassium naphthaleneacetate was effective (Fig. 1, A and C), 
naphthaleneacetic acid slightly effective (Fig. 1, D), and naphthalene- 
acetamide not effective (Fig. 1, B). Since similar differences were 
obtained for a single substance, the variability in this case may be due 
partly to individual differences in trees (Fig. 1). Under comparable 
conditions it has been found that for other physiological responses 
naphthaleneacetic acid and its salt, ester, and amide derivatives are 
of about equal activity. The abscission response is probably not an 

exception. , . • . . 

Trees varied with respect to the time when fruit drop became notice- 
able and also with relation to the rate of drop. For example, tree No. 
1-PK started dropping its fruit 10 to 14 days earlier than the other 
three trees and lost fruits thereafter at a fairly constant rate. The 
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differences in the rate of drop for the entire tree are shown for trees 
No. 1 and No. 1-PK in Fig. 1, A and D. On September 12 (16 days 
after treatment) tree No. 1 had lost 13 per cent of its fruit, whereas tree 
No. 1-PK had lost 29 per cent. Concentrations of 7.5, 10, and 15 mg/1 
were generally ineffective. A few small branches on tree No. 1 were 
sprayed September 16 with potassium naphthaleneacetate in concen- 
trations of 100, 320, and 1,000 mg/1. These treatments appeared to 
be no more effective than the lower concentration of 10 mg/l used in 
the principal tests (Fig. 1, A) and applied at the same time. On the 
other hand these high concentrations produced no visible signs of 
injury on McIntosh. This is in contrast to the injurious effects on 
leaves of Stayman Winesap caused by solutions containing 320 or 
1,000 mg/l of potassium naphthaleneacetate. Concentrations of naph- 
thaleneacetamide, naphthoxyacetic . acid, and naphthoxyacetamide 
greater than 15 mg/l were not used. Since naphthoxyacetic acid proved 
effective for inducing other hormone-like responses similar to those 
caused by naphthaleneacetic acid (4, 8), it is believed that the former 
substance should also be effective for reducing fruit drop if it is used 
in the proper concentration. For example, in recent tests naphthoxy- 
acetic acid delayed abscission of flowers and petiolar stubs of tomato, 
caused parthenocarpic development of tomato fruits, and modified the 
patterns of tomato and Mimosa leaves. 

Other Varieties : — ^The entire tree was sprayed with potassium 
naphthaleneacetate in concentrations of 10 to 50 mg/l after fruit drop 
had started. Penetrol was used at a concentration of 0.5 per cent as 
a spreader. Treatments used in this series of tests are shown in Table I. 
The percentage drop was based upon the number of fruits which had 


TABLE I — Number of Trees Sprayed (for Results see Fig. 2) 



Concentration KNA Mg/l 



0 

10 

12.5 

25 

50 

Trees 

Baldwin 

3 



1 

1 


5 

Stayman Winesap 

3 

— 

o 

2 

1 

8 

Rhode Island Greening. . 

2 

— 

1 

2 


5 

Grimes Golden 

5 

1 

1 

1 

2 

10 

Totals 

13 

1 

5 

6 

3 



fallen from the entire tree. In addition, the percentage drop was deter- 
mined for selected branches. However, in this case the values for 
branches on treated trees had to be compared with the values for 
branches on control trees. This is in contrast to the method of com- 
parison used for McIntosh in which case treated and control branches 
were located on the same tree as well as on different trees. 

Trees of all four varieties ranged from sparsely fruited to those 
heavily laden. The heavily fruited trees were not thinned as would 
normally have been the practice. 

Data in Fig. 2 show that during the first 2 weeks after treatment the 
rate of drop was much more rapid on Grimes Golden and Rhode Island 
Greening than on Stayman Winesap and Baldwin. However, the treat- 
ments were generally ineffective on all four varieties. The variation in 
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the percentage drop for different control trees makes evaluation of the 
possible effectiveness of the treatments difficult. On the basis of the 
average percentage drop on control trees, the values for individual 



Fig. 2. Rate of fruit drop for different varieties of apple sprayed with different 
concentrations of potassium naphthaleneacetate. A (upper left) and C 
(lower left) sprayed October 4. B (upper right) sprayed October 9. 
D (lower right) sprayed October 3. 


per cent reduction obtained with a 50 mg/1 spray on one Grimes 
Golden tree is offset by the 18 per cent increase obtained with the same 
spray on another tree (Fig. 2, D). If, however, the entire range of 
values for controls as given in Fig. 2 is used as a basis for evaluating 
individual treatments, it will be seen that none of the values for the 
growth substance treatments falls sufficiently outside of the control 
range to appear noticeably significant (Fig. 2). Values for the average 
percentage drop for all treatments likewise are not essentially different 
from the average values for the controls. At least it may be said that 
the data in Fig. 2 show no pronounced favorable effects of the growth 
substance sprays. 

Although the entire tree was sprayed in this series of tests (Fig, 
2), the percentage drop was determined for some of the individual 
branches on certain trees of each variety. The percentage drop for 
different branches varied considerably as was shown for different trees 
in Fig. 2. In no case was there a reduction on treated branches of 
more than 16 per cent below the average value for counted control 
branches located on the several different trees. 
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In addition to branch counts on trees where all blanches weie 
sprayed, branch counts were made on two trees of Staynian xVinesap 
for which data do not appear in Fig. 2. Thus on tree No. 1 the per- 
centage drop values for nine different branches sprayed with 5U mg/i 
of potassium naphthaleneacetate were 0, 0, 0, 0, 18, 18, 25, 37, and 56 
at the end of IS days. Values for seven control branches on the same 
tree were 0. 26, 33, 40, 56, 56, and 74 per cent. The average reduction 
in fruit drop was 24 per cent.. Similar counts for tree No. 2 showed 
an average reduction of only 6 per cent. Here again attention is called 
to the variation in fruit drop for individual branches on the same tree 
and on different trees. 

Since with concentrations up to 50 mg/1 there appeared to be no 
pronounced effect of concentration, the range was extended to 1,000 
mg/1 in a limited number of tests. Small branches of Stayman Winesap 
having up to 15 fruits were sprayed with potassium naphthaleneacetate 
in concentrations of 100, 320, and 1,000 mg/l Fruits on these branches 
did not adhere for longer periods than in the case of branches treated 
with lower concentrations. Gardner et al. (1, 2, 3) obtained better 
results in most but not all cases with concentrations of 10 mg/l than 
with lower concentrations. Pronounced injury to most leaves was 
caused by the highest concentration (1,000 mg/l) and was proportion- 
ally less \vith the lower concentrations. About one-fiftli of the leaves 
were injured by the 320 mg/l spray and minimum injury occurred 
with the 100 mg/l spray. The injury consisted of an abnormal yellow- 
ish coloration followed by progressive desiccation and browning of the 
tips and margins, and finally shriveling of the entire leaf. In contrast, 
the same sprays did not injure the leaves of McIntosh. 

Ozvn-Roofed Stayman Winesap : — In these tests approximately half 
of the tree was sprayed with naphthaleneacetic acid or potassium 
naphthaleneacetate in concentrations of 12.5, 25, or 50 mg/l. The other 
half was sprayed with 0.5 per cent Penetrol and served as a control. 
Otherwise the procedure was the same as that described for branch 
counts on McIntosh. 

Data recorded in Table II show that spraying with naphthaleneacetic 
acid or potassium naphthaleneacetate reduced fruit drop on all six trees. 
The consistency of the response as well as the actual percentage reduc- 
tion indicates that in this- series of tests the growth substance spray was 


TABLE II— -Reduction in Percentage Drop of Fruit on Own-Rooted 
Stayman Winesap Sprayed October 11 


1 

1 

Tree number 

Days after treatment 

Concentration Naphthaleneacetic Acid, Mg/l 

Totals 

12.6 

12.5* 

25 

60 

1 1 

4 

7 

2 

6 

3 

10 13 

10 13 

12 15 

10 13 

17 20 

10 13 


Controls (0.5 per cent Penetrol) 

Treated 

28 41 
13 28 

42 69 

0 66 

12 38 

5 5 

14 44 

9 33 

75 85 
43 57 

i 17 67 

6 37 

632 

292 

Reduction in percent drop 

15 IS 

42 13 

i 7 33 

5 11 

32 28 

11 30 

240 


*IC-salt. 



HITCHCOCK AND ZIMMERMAN : PREVENTING FRUIT DROP 109 

effective. Although this appears to be the only series of tests here 
reported in which a uniformly positive effect was obtained, it is to be 
noted that there was considerable variation in the actual percentage 
reduction (Table II, last line). At the end of the first period of 10, 12, 
or 17 days the percentage reduction ranged from 5 to 42 per cent and 
for the last period of 13, 15, or 20 days the range in reduction was 11 
to 33 per cent. The percentage drop for controls ranged from 12 to 
75 per cent at the end of the first period of 10, 12, or 17 days (Table 
II). Such consistent differences between control and treated halves 
of the tree were clearly evident by visual inspection, but the actual 
gains due to treatment were much lower than the 60 to 80 per cent 
reductions reported by other workers (3, 7). 

Crataegus mollis Scheele : — On September 24, potassium naphtha- 
leneacetate was applied at a concentration of 10 mg/1 to certain 
branches of several trees which were heavily laden with fruit. More 
pronounced variation in fruit drop occurred in this series of tests than 
was mentioned for apple. For example, on October 18 the treated 
branches of tree No. 1 had retained most of their fruit whereas there 
was scarcely a fruit to be seen on the non-treated branches which 
constituted the major portion of the tree. On tree No. 2 some treated 
branches had retained over 50 per cent of their fruit while others had 
lost all of their fruit. Tree No. 3 received no treatment, yet at the end 
of 24 days it was similar in appearance to tree No. 1 (above), having 
lost practically all fruit except on one branch which at this time was 
still heavily laden. 

Summary 

Results with pre-harvest sprays applied to five varieties of apple 
showed favorable effects in some cases but not in others. Besides 
varietal differences there was considerable variation in fruit drop from 
different trees of the same variety and from different branches of the 
same tree, regardless of treatment. No single one of the derivatives 
of naphthaleneacetic acid was noticeably more effective than the others. 
Concentrations of 25 to 50 mg/I appeared to be no more effective than 
concentrations of 7.5 to 15 mg/1. 

In the region of Yonkers, New York, the season of 1940 was favor- 
able for the early coloring and maturing of such red-fruited varieties 
as McIntosh, Stayman Winesap, and Baldwin. The crop of fruit could 
have been harvested in most cases before a 20 per cent drop had 
occurred. The generally cool weather which was favorable for early 
coloration of fruit may have been unfavorable for the action of growtli 
substances in reducing drop. For other types of growth substance 
responses temperature is known to be an important limiting factor. 
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Further Studies with Sprays in Controlling 
Pre-Harvest Drop of Apples 

By L. P. Batjer and P. C. Marth, U. S, Horticultural Station, 
Beltsville, Md, 

'p'XPERIMENTS performed in 1939 (2, 3) with growth-substance 
sprays proved successful in delaying the pre-harvest drop of 
apples, and results obtained during that year gave considerable promise 
that the method would be a practical control measure for orchard use. 
The present report covers certain phases of the problem upon which 
additional information seemed desirable. 

Williams Experiment 

The purpose of this experiment was twofold: (A) To compare the 
effectiveness of compounds closely related to naphthaleneacetic acid 
(treatments 5, 6, and 7, Table I) with that of naphthaleneacetic acid 
and naphthaleneacetaniide (treatments 2, 3, and 4, Table I) ; and 
(B) to test the effectiveness of chemical compounds combining the 
a-naphthalene methyl group of napthaleneacetic acid with the thio- 
cynate group ( 1 ) with the possibility that such compounds might be 
effective in both abscission inhibition and increased color development 
(treatments 8 and 9, Table I) . 

These experiments were conducted in a block of 14-year-oId Wil- 
liams trees located in the vicinity of Salisbury, Maryland. Spray appli- 
cations ( 10 gallons per tree) were made July 16 with commercial spray 
equipment of the portable type; each treatment was applied to five 
trees randomized throughout the block. The fruit when sprayed was 
hanging firmly, and color development was negligible. By July 20, 
however, dropping was well under way with fruit generally beginning 

TABLE I — ^Effectiveness of Different Chemical Compounds on 
Dropping and Color of Williams Early Red 


Treat- 

ment 

Num- 

ber 


Compounds Used* 


Spray 
Concen- i 
tration 
(Per Cent) 


Average 
Crop 
Per TYee 
Before 
Spraying 
(Bus) 


Average 
Per Cent 


Drop of 
Original 
Crop 
(S. Em.) 


Total 
Average 
Color 
When 
Harvested 
(Per Cent) 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 
16 
17 


Unsprayed :•••*, 

A — naphthaleneacetic acid 

A — naphthaleneacetic acid 

A — naphthaleneacetamide 

Tetrahn-6-acetamide 

B — naphthoxyacetic acid 

A — naphthalene acetonitrile 

A — naphthalene methyl thiocynate.. 
A — naphthalene methyl isothiocynate 

Sodium thiocynate 

Treatment No. 2 plus No. 7 

Treatment No. 2 plus No. 8 

Treatment No. 2 plus No- 9 

Treatment No. 2 plus No. 10 

Treatment No. 4 plus No. 7 

Treatment No. 4 plus No. 10 


8.8 

9.3 

8.2 

9.0 

9.6 

10.0 

9.7 

8.1 

9.1 

9.5 

8.6 

8.4 
10.3 

9.5 

10.0 

7.3 


44.3=1: 7.90 
1.6 dc 2.94 
0.8:1: 0.20 
2.2 ± 1.50 
17.7 ± 6.44 

41.2 db 5,77 
51.5 ± 3.96 
45.4d:11.60 

49.2 ± 8.16 

58.2 bb 9.96 
0.6 ± 0.11 
1.0 ± 0.91 
0.5 d= 0.18 
0.8 d : 0.20 

1.8 db 0.64 

1.9 d: 0.47 


52d=l.S9 
52 ±4.18 


48 ±4.30 
51 ±4.22 
50 ±3.31 

46 ±8.30 
50 ±3.00 

47 ±2.43 


♦Acknowledgment is made to Mr. Franklin D. Jones of American Chemical Paint Co., Ambler, 
Pennsylvania, for supplying the above chemicals. 


Ill 
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to exhibit a red blush. The first picking was made July 25 with the 
remainder of the fruit harvested 4 days later. 

Reference to Table I shows naphthaleiieacetic acid and naphthalene- 
acetamide to be the only treatments highly effective in retarding fruit 
drop. Drop was negligible in all cases where these materials were used 
alone or in combination with other chemicals. Tetralin-6-acetamide 
with a total average drop of 17.7 per cent suggested a partial retar- 
dation and was further tested in experiments to be described later. 
Of interest is the fact that a concentration of .0005 per cent naphtha- 
leneacetic acid gave as good control as .001 per cent. 

As is seen in Table I, degree of red color was essentially the same 
for all treatments on which color records were taken. Due to excessive 
fruit drop in treatments 5 to 10 inclusive, fruit color at harvest time 
was not comparable to other treatments and is therefore not included. 
The sodium thiocynate produced the only noticeable difference in 
quality of color. Where this compound was used both alone and with 
hormone chemicals, the fruit, while having no more total color, was 
of a definite pinkish cast and was noticeably more mature at harvest 
time, a condition probably responsible for the very heavy drop (58 per 
cent) where sodium thiocynate was used alone. Of significance also in 
connection with this treatment was a high percentage of the fruit show- 
ing definite spray burn in the form of brown flecfe on the surface of 
the fruit. Failure to obtain increased color with sodium thiocynate, as 
reported by Dustman and Duncan (1), was possibly due to the lateness 
of application. 

McIntosh Experiment 

In 1939, hormone sprays applied to McIntosh in western New York 
(2) indicated an effective period of 8 to 10 days. These results sug- 
gested that if additional retardation of drop is desired, a repeat appli- 
cation could be made 4 or 5 days following the first application. 
During the past season an experiment was designed to obtain infor- 
mation on this phase of the problem. The trees used were IS-year-old 
McIntosh located at Beltsville, Maryland, and carrying an average 
crop of 10 bushels per tree. Applications of a-naphthaleneacetic acid 
were made as indicated in Fig. 1. 

As can be seen from Fig. 1, all treatments were generally effective 
11 days following the first spray application. At that date the total 
drop resulting from the single spray treatment was only slightly greater 
than that from the dual applications. Following the 11th and 12th days, 
the curves in Fig. 1 show a sharp trend upward irrespective of treat- 
ment. As at the point indicated in the graph, all trees, excepting checks, 
were again sprayed with .0005 naphthaleneacetic acid in order to ascer- 
tain if it is possible to stop fruit drop once it is well under way. The 
results clearly show that this treatment was not effective and indicate 
further that if the changes resulting in abscission have advanced beyond 
certain limits, the hormone spray is ineffective in retarding the process, 
and dropping results at about the same rate as if no spray was applied. 

Of interest is the fact that the treatment which included a repeat 
application 7 days following an initial application prolonged the effec- 
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tive period only 1 to lj4 
days beyond that result- 
ing from the single appli- 
cation treatment. In this 
instance it seems likely 
that when the repeat 
spray was applied, abscis- 
sion processes were so 
well defined in such a 
large proportion of the 
fruit that only a slight 
effect resulted. That the 
‘‘3-day repeat treatment” 
was somewhat more ef- 
fective than the 7-day 
treatment would seem to 
lend support to the above 
interpretation. The 
slightly better results of 
the 2-hour repeat spray 
as compared with the sin- 
gle spray was no doubt 
due to a more complete 
spray coverage. 

In this experiment with 
McIntosh, little benefit 
was derived from appli- 
cations following the ini- 
tial one. With this varie- 



Fig. 1. Effect of repeat spray applications of 
naphthaleneacetic acid on pre-harvest drop 
of McIntosh apples. Data represent an 
average of five randomized trees for each 
treatment. Means with standard errors 
for each treatment (in order given under 
legend) 12 days after initial application 
are as follows : 38,5 ± 1.92, 15.0 ± 4.16, 
7.8 ±2.20, 3.0 ±0.55, 5.7 ±1.97. 


ty the maximum effective 

period seems to be generally from 10 to 12 days with one application, 
if accurately timed. Repeat sprays would seem to be of doubtful value 
in extending this period except in cases where the initial spray was 
applied too far in advance of maturity. 

In order to obtain the greatest benefit in both intensity and duration 
of effect, it is apparently necessary to spray just at the beginning of 
fruit drop. From the practical standpoint, such a procedure may be 
difficult to execute. One alternative would be to spray somewhat ahead 
of the normal drop when the fruit is still firmly attached. If it developed 
later that this application was made too far ahead of drop and it 
seemed advisable to delay harvest beyond the protective period of this 
spray (10 to 12 days), a second spray could be applied 7 or 8 days 
following the first. 


Delicious Experiment 


The directions for use accompanying all of the proprietary com- 
mercial preparations at the present time are calculated to give a spray 
solution with a .001 -per cent concentration of the growth substance. 
Quantities of one-fourth to one-half this amount have proven effective 
in many instances, but data are lacking as to the relative differences 
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MUMSER OF DAYS FOLLOWING SPRAY APPLICATIONS 


Fig. 2. Effect of different spray treatments 
on pre-harvest drop of Delicious apples. 
Data represent an average of five ran- 
domized trees for each treatment. Means 


in both duration and in- 
tensity of effect at the 
different concentrations. 

Treatments indicated in 
Fig. 2 were applied to 
IS-year-old Starkiiig 
trees growing in the sta- 
tion orchard at Beltsville, 
Maryland. The normal 
harvest date for this va- 
riety was about Septem- 
ber 25, 14 days after 
spraying. At that time 
the drop for .001, .0005, 
and .00025 per cent naph- 
thaleneacetic acid treat- 
ments was in the ratio of 
1.0.T.3:1.8, respectively. 
When the fruit was har- 
vested October 11, 30 
days after spraying, the 
drop for these same treat- 
ments was in the ratio of 


with standard errors for each treatment 
(in order given under legend) 16 days 
after spraying are as follows : 17.0 ± 2.36, 
4.4 ± 0.71, 5.6 ± 1.34, 7.4 ± 1.67, 6.8 ± 
1.30, 8.4 ±1.37, 4.7 ±1.26. 


1.0: 1.4: 2.1. The degree 
of effectiveness increased 
somewhat with increasing 
concentration, but ap- 


proximately the same re- 
lationship between concentrations existed throughout the 30-day period 
following the spray applications. In this experiment both the .001 and 
.0005-per cent sprays of naphthaleneacetic acid gave satisfactory delay 
in fruit drop for 22 days. Whether or not the greater concentration will 
give enough better results with most varieties to justify its use remains 
to be established. 


In this experiment, a treatment was included in which the trees 
received a light spray application of 5 gallons per tree of .OOOS-per cent 
concentration of naphthaleneacetic acid. This treatment is to be com- 
pared with the one receiving the same concentration but mote thor- 
oughly applied (using 10 gallons per tree). The results given in Fig. 2 
show the light application to be just one-half as effective in retarding 
drop. These results serve to emphasize that the control with these 
sprays can be no more effective than the coverage given. 

Of interest in Fig. 2 is the sodium salt of naphthaleneacetic acid 
treatment. Until 15 days following application, this compound gave 
results identically the same as naphthaleneacetic acid of similar con- 
centration. Following this date, however, the acid was significantly 
more effective than the sodium salt in prolonging the period of pro- 
tection. 


Tetralin-6-acetaniide used at .01 per cent concentration proved very 
effective in delaying drop (Fig. 2). It will be recalled that an .002 
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per cent concentration of 
this compound was par- 
tially effective in control- 
ling the drop with Wil- 
liams (Table I). 

Stayman Winesap 
Experiment 

Single applications of 
.0005 and of .001 per cent 
naphthaleneacetic acid 
were made on 9-year-old 
Stayman Winesap trees 
growing in the station 
orchard at Beltsville, 

Maryland, some of the 
trees being treated on 
September 11 and others 
on September 20. Both 
spraying dates were well 
in advance of harvest, 
and no fruit drop was re- 
corded until September 
22. The results of this 
test are given in Fig. 3. 

By October 18 the fruit 
was highly colored, yet 
not over-mature. On this 
date the September 20 
sprays (28 days after ap- 
plication) were considerably more effective than the sprays of Sep- 
tember 11 (37 days after application). While the data show a rela- 
tively long period of effectiveness in the case of this variety, they 
indicate that spray applications should not be made too far ahead of 
harvest for best results. 

It is to be noted that at 42 days after application the percentage of 
drop for the .001 per cent application of September 20 was approxi- 
mately equal to that for the same number of days following the Sep- 
tember 11 application of this strength; but the latter application had 
held the drop under somewhat better control during the period between 
33 and 40 days after application. While the stronger spray showed a 
slight tendency toward greater effectiveness than the weaker one when 
applied at the earlier date, it was significantly superior in the later 
treatment. 

York Imperial and Rome Beauty Experiments 

Experimental sprays (.001 per cent naphthalene acetic) were ap- 
plied to York Imperial and Rome Beauty as late as October 15, 
shortly before the normal harvest date for these varieties. Though 
little or no drop had occurred up to this time, the sprays had little effect 
in retarding a heavy drop which set in about October 20 and continued 



OAVS FOLLOWING SPRAY APPLICATIONS 9F SEPT 20 

Fig. 3. Effect of different spray treatments 
on pre-harvest drop of Stayman Winesap 
apples. Data represent an average of five 
randomized trees for each treatment. 
Means with standard errors for each 
treatment (in order given under legend) 
at normal harvest date (October 16) are 
as follows: 39.1 db 6.15, 16.1 d: 2.70, 14.9 
± 3.43, 11.8 ± 1.73, 6.5 ± 0.19. 
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until the fruit was harvested. A possible explanation for failure in this 
case would seem to be the very low physiological activity of the leaves 
and other tissues at this late date. It is probable that, had these trees 
been sprayed two weeks earlier, good effect would have been obtained. 

Effect of Sprays on Fruit Maturity 

AVith summer varieties of apples, the fruit is likely to become over- 
mature if allowed to remain on the tree even a few days beyond the 
normal harvest period. In the Williams experiment described above, 
the fruit became overripe and mealy on many of the trees before harvest 
was completed. Hormone spray so completely controls dropping with 
this variety that the early maturing fruits remain on the tree more 
or less indefinitely. If these fruits are not harvested within a day or 
two after they would have normally dropped if not sprayed, over- 
maturity develops, particularly under high temperature conditions. 

Water core proved to be a serious factor in the Stayman Winesap 
and the Delicious experiments, becoming evident a week or more after 
the normal harvest period. 

If harvest is delayed too long with some varieties, losses from over- 
maturity may offset any advantage obtained in added color. With many 
varieties it is likely that the harvest sprays will prove to have their 
greatest value in merely protecting the fruit grower from losses fi'om 
dropping before and during the normal picking operation. 
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Effect of Scoring and of A-Naphthyl Acetic Acid and 
Amide Spray Upon Fruit Set And of the Spray 
Upon Pre-Harvest Fruit Drop 

By C. L. Burkholder and Monroe McCown, Purdue University 
Agricultural Experiment Station, Lafayette, Ind. 

S TARRING apple trees, 14 years of age, growing in an orchard 
owned and operated by the Horticultural Department at Lafayette, 
Indiana, had failed to set a full crop of fruit in any season prior to 
1940. In May, 1940, two types of treatment (scoring and a-naphthyl 
acetic acid spray) were given selected trees in an effort to affect set 
of fruit. 

Fruit Set 

Scoring : — On May S and 6, a total of 22 matched pairs of main 
scaffolds and secondary branches located on 12 of the Starking trees 
were selected for a study of the effect of scoring upon fruit set. One- 
half of these paired branches were scored and the other 22 were left 
as untreated checks. Scoring was accomplished by cutting, with a 
sharp knife, three rings about 1 inch apart around each treated branch, 
making the cut deep enough to completely sever the bark. The bark 
rings were not removed from the branches. The scoring wounds were 
covered with grafting wax. The blossoming spurs were counted at 
time of treatment. There were 5,871 blossom clusters on the scored 
branches and 5,820 clusters on the untreated branches. The flowers 
were in a full “pink’' stage of development at the time. 

During the second week of July, a record was taken of the number 
of clusters setting one or more fruits. On the scored branches, 1,586 
clusters, or 27.0 per cent of the total, set 1,685 fruits. On the untreated 
branches, 1,379 clusters, or 23.7 per cent of the total, set 1,428 fruits. 

a-Naphthyl Acetic Acid and Amide Sprays : — ^Ten of the 14-year- 
old Starking trees were selected for spray treatment. These trees were 
divided arbitrarily into “halves.” These halves were rotated to com- 
pensate for exposure. Interfering branches were removed to make it 
possible to manipulate a large shield in the centers and tops of these 
10 trees to allow thorough spraying of desired portions without danger 
of drift of the spray to the so-called “unsprayed” halves. This shield 
was constructed by covering a light frame work with a heavy muslin 
sheet. 

On May 13, wdien about 90 per cent of the flowers were open, 
0.001 per cent a-naphthyl acetic acid spray was applied to “halves” 
of three trees ; 0,005 per cent a-naphthyl acetic acid to “halves” of five 
trees, and 0.005 per cent a-naphthyl acetamide to “halves” of two 
trees. The 0.001 per cent a-naphthyl acetic acid spray contained 0.5 
per cent of ethyl alcohol while the 0.005 per cent spray of a-naphthyl 
acetic acid and of a-naphthyl acetamide contained 1.0 per cent of ethyl 
alcohol. The acid and amide crystals were dispersed in the alcohol 
before addition to the spray tank. 
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Fruit set on the treated and untreated halves was recorded in early 
July after completion of the June drop. Records were as follows : 

a-Naphthvl Jcefic Acid 0.001 Per Cent:—Oi the 5,243 treated clus» 
ters, 1,530, or 29.2 per cent, set 1,656 fruits. There were 3,652 un- 
treated check clusters of which 1,258, or 34.4 per cent, set 1,312 fruits. 
This represents a reduction of 15.1 per cent in the number of clusters 
setting fruit as a result of treatment. 

a-Naphfhyl Acetic Acid 0.005 Per Cent:— 01 the 7,572 treated clus- 
ters, 673, or 8.9 per cent, set 772 fruits. There were 6,991 untreated 
clusters, of which 2,494, or 39.9 per cent, set 3,063 fruits. The apparent 
reduction in clusters setting fruit, following treatment, amounted to 
77.7 per cent. 

a-Naphthyl Acetamide 0.005 Per Cent : — ^There were 2,054 treated 
clusters of wdiich 656, or 22.2 per cent, set 698 fruits. Of the 2,191 
untreated clusters, 734, or 33.5 per cent, set 816 fruits. The number 
of clusters setting fruit was reduced 34.0 per cent by the treatment. 

Harvest Sprays 

Two commercial ‘‘harvest sprays*^ were used in separate tests at 
dilutions suggested by the respective manufacturers. The tests were 
conducted in tw^o orchards owned and operated by the Purdue Univer- 
sity Agricultural Experiment Station, one located near Bedford, in 
southern Indiana, and the other near Lafayette, in the northern half 
of the state. Two varieties, Delicious and Rome, were included in the 
Bedford tests ; and three varieties, McIntosh, Jonathan and Delicious, 
were sprayed in the Lafayette orchard. In the large scale test with 
Delicious at Lafayette, entire trees were sprayed. In the other tests, 
arbitrary halves of the test trees, rotated to compensate for exposure, 
were sprayed. No shield was used in the trees during the application 
of the spray. Wind conditions at the time of spraying were such, how- 
ever, that there was no significant drift of spray to the so-called 
unsprayed halves which served as checks. The rate of application of 
the spray ranged from 0.40 to 0.50 gallons of material for each year in 
age of tree. In all cases, a portion of the spray was applied from 
beneath the tree (inside-outside application). 

McIntosh (Lafayette ) : — Halves of 16 vigorous trees, 15 years of 
age, were Sprayed August 30. A color picking was made on September 
11 and harvest was completed on September 17 and 18. While drop 
records were taken only at time of harvest, from frequent observation 
the rate of drop of fruit appeared to be approximately equal from 
treated and untreated halves throughout the period of the test. Rota- 
tion of treated portions nullified the effect of exposure upon fruit drop. 
Regardless of treatment, however, heaviest drop occurred from the 
south and southeast portions of the trees. Final harvest records showed 
a loss, by dropping, of 26.9 per cent of the sprayed fruits and 32.7 per 
cent of the unsprayed apples from these 16 McIntosh trees, or 17.7 
per cent less drop from sprayed portions. 

Jonathan (Lafayette ): — Halves of 25 trees were sprayed. The 
trees were 30 years of age and in good vigor. A total of 16.7 per cent 
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of the Sprayed and 18.9 per cent of the unsprayed Jonathan apples 
dropped, a difference of 11.6 per cent in favor of the sprayed portions. 

Delicious (Lafayette ) : — ^Alternate rows of 18-year-old trees in the 
soil management orchard at Lafayette were sprayed on September 19. 
The spray was applied to 70 entire trees and an equal number were 
left unsprayed for comparison. The crop was extremely variable, rang- 
ing from little or no fruit to a heavy crop. The application averaged 
7 gallons a tree. Harvest was completed October 5 and 6. The dropped 
fruit under the sprayed trees totaled 1,382 pounds, or 9.9 per cent; 
and under the unsprayed trees 3,932 pounds, or 27.8 per cent of the 
total crop. Spraying reduced fruit drop by 64.3 per cent. 

Delicious (Bedford ) : — Halves of 14, 28-year-old trees were sprayed 
on September 13 and the fruit from treated and untreated portions 
was harvested on September 27. Drop of fruit from sprayed and 
unsprayed halves amounted to 5.0 per cent and 21.8 per cent of the 
total crop, respectively, a reduction, by spraying, of 77.1 per cent in 
the amount of fruit drop. 

Rome (Bedford ): — On September 13, halves of 17, 25-year-oId 
trees received harvest spray. The fruit w^as harvested on October S. 
A total of 6.1 per cent of the sprayed fruit and 15.8 per cent of the 
unsprayed fruit dropped. Drop of fruit was reduced 55.1 per cent by 
spraying. 

Since little fruit had dropped from the Rome trees sprayed earlier, 
eight additional Rome trees received similar treatment on September 
20. The fruit was harvested on October 5. The drop of sprayed fruit 
amounted to 7.5 per cent and, of the unsprayed fruit, 21.4 per cent of 
the total crop. Fruit drop was reduced 65.0 per cent by spraying. Both 
sprayed and unsprayed fruit was loosening by October 5, so that 
harvesting was then necessary to prevent hesivy drop. 

Summary and Discussion 

Under conditions existing at Lafayette, Indiana, in 1940, scoring 
resulted in only a slight increase (13.9 per cent) in the number of 
clusters on 14-year-old Starking apple trees setting fruit. When such 
a high percentage (23.7) of the clusters on untreated branches set fruit, 
only a slight response to scoring might be expected. Of the clusters on 
treated branches, 27.0 per cent set one or more fruits. 

Moderate decreases in fruit set followed the application of full blos- 
som sprays containing 0.001 per cent a-naphthyl acetic acid or 0.005 
per cent of a-naphthyl acetamide. The reductions amounted to 15.1 per 
cent and 34.0 per cent, respectively. A very heavy decrease (77.7 per 
cent) resulted from the application of a 0.005 per cent spray of 
a-naphthyl acetic acid to the open flowers. Very serious injury to the 
immature leaves, epinasty and scorching followed by leaf drop, occur- 
red following the application of the spray containing 0.005 per cent of 
the acid. Some injury was visible following the use of the weaker 
strength (0.001 per cent) of the acid, but none was visible on trees 
sprayed with the acetamide. 

The use of harvest sprays reduced materially the drop of mature 
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fruits of Rome and Delicious. No very significant results followed the 
application of the sprays to Jonathan and McIntosh. 

The junior author has observed, in most McIntosh fruits studied at 
Lafayette, that pith abscission has been initiated by the time there is 
a noticeable striping of the fruit. Whether the application of growth 
promoting substances after the initiation of pith abscission will delay 
the process of abscission in McIntosh stems is still an open question. 
Possibly extremely heavy applications of spray may influence the rate 
of the process in this variety. The authors recognize the fact that 
gallon of spray for each year in age of tree might be considered by 
some workers to be a light application. 

The fact that varieties in which the initiation of abscission in bark 
tissues generally precedes pith abscission respond most readily to 
harvest sprays indicates an important relationship between mode of 
abscission and reaction to the effectiveness of these sprays. The effect 
of the spray is merely to delay the natural chemical changes in cell 
wall substances resulting in separation of cells and ultimate drop of 
fruit. 



The Effect of Hormone Sprays on the Harvest 
Drop of Apples 

By Lawrence Southwick and J. K. Shaw, Massachusetts 
Agricultural Experiment Station, Amherst, Mass. 

Abstract 

Phis material will be published in full in an Experiment Station Bulletin. 

A NUMBER of tests of the use of hormone sprays to lessen harvest 
drop of apples were conducted. Several commercial preparations 
and pure napthalene acetic acid were used. Concentrations of actual 
hormone varied usually from to 10 parts per million parts of 
water. From IS to 35 gallons of spray per tree, according to its size 
and crop, were applied at approximately 400 pounds pressure. Tests 
were made in several orchard blocks mostly with the McIntosh 
variety, but including also Duchess, Wealthy, Baldwin, and an un- 
known variety which always drops badly. Drops were gathered and 
counted, usually daily, and the number of apples picked from each tree 
was calculated. 

With Duchess and the unknown variety, the spray was very effec- 
tive, holding the apples beyond the proper picking time while the check 
trees dropped very heavily. With Wealthy, the results were much less 
striking and the differences in drop between the sprayed and the check 
trees were not apparent in the field. Analysis of the data, however, 
practically always shows some benefit from spray appliaitions. The 
tests on Baldwin were complicated by cold weather. Several freezes 
either masked the influence of the hormones or the influence was not 
marked. 

In general, with McIntosh also, the effects of the sprays on lessening 
drop were usually not discernable in the field. The data show con- 
siderable variability of effectiveness in the different tests. Influencing 
factors included time of application, amount of hormone in the spray 
material, particular orchard or block of trees used for the test, and 
possibly the hormone carrier or, in other words, the commercial brand. 
Considering the time during which the hormones were effective, the 
check trees in almost every case dropped more heavily than the sprayed 
trees. Expressed as per cent of total crop, the drop from check trees 
was as much as three to four times as much as that from sprayed 
trees, though usually the difference was much less. 

The effect of hormone applications was usually evident by the third 
or fourth day and persisted for about 8 to 12 days. Hormone con- 
centrations of 10 parts per million were usually more effective than 
lower concentrations. In one test on Baldwin, using a 10 parts per 
million spray and one higher, the latter seemed more effective. There 
seems to be a probability that concentrations higher than 10 parts per 
million may be necessary for desired drop control with some varieties, 
possibly including McIntosh. The addition of a small amount of sum- 
mer oil served to increase effectiveness. 

It is doubtful if many of the trials on the McIntosh checked drop 
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enough to be commercially profitable. In some of these tests the spray 
was applied too early for maximum effect in this year of light drop. 
It is possible that in a year of more severe dropping, the hormone 
sprays would be more effective and their use more profitable. The use 
of these sprays on McIntosh should encourage growers to delay pick- 
ing until better size and quality are attained. Most McIntosh are 
picked too early. 

The size of the crop on the trees is an important factor in determin- 
ing profits from hormone spraying. With a heavy crop the number of 
bushels saved is larger while the expense is little more than with a 
light crop. Comparison of percentage figures may lead to a false 
interpretation of spraying benefits. In other words, marked decreases 
in percentage of drop do not necessarily mean that spraying is profit- 
able. 



Preharvest Apple Spraying and Fruit Abscissioni 

By Lyle M. Murphy, Rhode Island Agricultural Experiment 
Station, Kingston, R, L 

D elayed abscission of apple fruits following the application of 
plant growth substances was reported by Gardner, Marth, and 
Batjer (1) and substantiated by later work (2, 3). Very dilute solu- 
tions of naphthalene acetic acid and naphthalene acetamide were 
sprayed on the trees just as fruit drop began. Gardner and his co- 
workers found that with McIntosh apples, the period of effectiveness 
of a single application lasted from 8 to 10 days, whereas with other 
varieties beneficial effects were noted as long as 3 weeks after spraying. 

The possibility of reducing fruit drop as well as increasing the color, 
size, and flavor of apples by allowing them to mature fully on the trees 
suggested the use of sucli sprays by the commercial growers. Con- 
sequently, many proprietary compounds containing the active plant 
growth ingredients, naphthalene acetic acid or naphthalene acetamide, 
have appeared on the market during the past season. 

The purpose of the study described here was to determine the effec- 
tiveness of naphthalene acetic acid on McIntosh apples under Rhode 
Island climatic conditions and to test the effectiveness of several com- 
mercial sprays on Baldwins and Rhode Island Greenings. 

Materials and Methods 

McIntosh Experiment: — Crystalline naphthalene acetic acid was 
used for the McIntosh study. This was dissolved in 95 per cent ethyl 
alcohol and diluted with water. The resulting stock solution was then 
poured directly into the spray tank. An area containing 32 trees was 
divided into dght plots with four trees in each. The seven treated 
plots were sprayed with concentrations varying from .0001 per cent 
to .0010 per cent, with one, two, and three applications, and with 
intervals between sprays ranging from 3 to 8 days. The sprays were 
applied with a power machine at a pressure of 300 pounds. The amount 
of spray applied to each tree varied with the quantity of apples on the 
tree, but in general, in all experiments from to gallons of spray 
were ixsed for each bushel of apples. 

Rhode Island Greening and Baldwin Experiments: — ^Blocks of 28 
Rhode Island Greening and 18 Baldwin trees were divided into plots 
of four and three trees each, respectively. These trees were then 
sprayed with commercial compounds containing the plant growth in- 
gredients. Plots treated with a .001 per cent concentration of naphtha- 
lene acetic acid and check plots receiving no spray were included in 
each experiment. In applying the sprays the manufacturers' recom- 
mendations were followed in each case, all the compounds being soluble 
in water. 

Presentation of Data 

McIntosh Experiment: — ^The McIntosh trees were sprayed Sep- 
tember 20, and daily records were taken of the number and weight of 
^Contribution No. 587 of the Rhode Island Agricultural Experimait Statim* 
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apples that dropped from each tree. These daily records showed that 
the effect of a one-application spray at a ,001 per cent concentration 
persisted for a 10-day period from the date of spray application. The 
data for the percentages of fruit drop from the trees for the 10-day 
period are presented in Table 1. The means of the percentage fruit 


TABT.E I — Percentage Drop from McIntosh Trees Sprayed with 
Naphthalene Acetic Acid as of September 30 
(Trees Were Sprayed September 20) 


Treatments 

Trees 


Per Cent 

Applica- 

Days 





Mean 

Concentration 

tions 

Interval 

1 

2 

3 

4 

.001 

1 

— 

6.3 

7.1 

4.3 

4.1 

5.5 

.001 

2 

8 

13.4 

3.1 

3.1 

4.7 

6.1 

.0005 

2 

6 

7.4 

5.6 

2.9 

4.7 

5.2 

.0005 

o 

8 

16.8 

6.1 

4.3 

5,3 

8.1 

.00025 

2 

6 

15-1 

9.3 

5.5 

6.5 

8.9 

00025 

2 

3 

20.1 

5.5 

3.2 

5.3 

8.5 

.0001 

3 

3 

14.3 

5.9 

4.2 

6.9 

7.6 

Check 

1 No spray 

— 

25.5 

27.9 

0.5 

13.4 

19.1 


Difference necessary for significance — 5.1 per cent. 


drop of all sprayed plots are significantly less than the mean of the 
unsprayed plot. This would indicate that all the sprays brought about 
delayed fruit abscission. 

The crop was, however, not harvested at this time, but record taking 
was continued for four more days. At this time, the trees receiving 
one application, as well as the trees receiving two applications at lower 
concentrations, were dropping their fruit at the same rate as the 
unsprayed trees. It was apparent that some of the sprays were no 
longer effective in delaying fruit abscission. The percentage drop from 
all trees up to the termination of the study is given in Table II. Even 


TABLE 11 — Percentage Drop from McIntosh Trees Sprayed with 
Naphthalene Acetic Actd (Sprayed September 20, 
Picked October 4) 


Treatments 

Trees 

Per Cent 
Concentration 

Applica- 

tions 

Days 

Interval 

1 

2 

3 

4 

.001 

.001 

.0005 

.0005 

.00025 

.00025 

.0001 

Check 

T\Z£C^ * - 

1 

2 

2 

2 

2 

2 

3 

No spray 

8 

6 

8 

6 

3 

3 

19.7 

29.1 

14.8 

34.1 

26.3 

41.3 
21.6 

41.8 

23.6 
6.3 

11.6 
16.6 

16.7 

18.8 
9.0 

44.0 

11.7 
8.1 
5.7 

10.3 

11.4 

11.8 
8.9 

16.0 

14.2 

9.8 

8.6 

12.0 

14.6 

14.4 
14.1 

23.4 


Difference necessary for significance— 8.1 per cent. 


Mean 


17.3 

13.3 

10.2 

18.3 

17.3 

21.fi 

13.4 
31.3 


after 14 days from the date of the first application, all the sprayed plots 
showed means of percentage fruit drop significantly less than the 
mean of the unsprayed plot. It is of further interest to note that two 
applications at concentrations of ,001 and ,0005 per cent applied 6 
days after the first are effective in delaying fruit abscission for 14 
days. A grower equipped so tliat he can harvest his McIntosh in 
10 days might well use one application of .001 per cent, where as a 
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grower needing 13 to 14 days to harvest his crop might use two 
applications at a concentration of .0005 per cent, with an interval of 
5 to 6 days between applications. 

Rhode Island Greening Experiment : — The Greenings were sprayed 
September 11, and the apples were picked October 1. The apples had 
not begun to drop when the crop was picked, and consequently, no 
significant differences existed between the means of percentage fruit 
drop of the sprayed or unsprayed plots. The usual picking season in 
Rhode Island for this variety extends from September 1 to September 
15. While color is not a factor to be considered in the harvest of 
Greenings, the apples are less susceptible to storage scald when allowed 
to mature fully on the trees. Any practice that would delay fruit abscis- 
sion would aid materially in overcoming this storage trouble. The 
unsprayed trees held their fruit as well as the sprayed trees, and the 
amount of fruit abscissed by October 1 was only a small percentage of 
the total crop. 

Baldwin Experiment : — The Baldwins vrere sprayed October 10, 
and the apples were picked October 26. At the time of spray appli- 
cation, there was no appreciable amount of fruit drop, however, at the 
time of fruit harvest, there was very little fruit remaining on the trees. 
Two days after the sprays were put on, records including the number 
and weight of apples dropped were obtained and were continued on 
alternate days until the fruit was harvested. The percentage drop 
from the Baldwin trees is presented in Table III. No significant differ- 


TABLE III — Percentage Drop from Baldwin Trees Sprayed with 
Commercial Compounds (Sprayed October 10, 

Picked October 26) 



Treatments 

Tree 

Parmone 

Fruitone 

Stop- Drop 

App-Iy-Set 

Naphthalene 
Acetic Acid 

No 

Spray 

1 

55.3 

63.5 

82.2 

49.5 

48.6 

90.2 

2 

49.8 

81.7 

80.1 

91.8 

54.2 

65.6 

3 

81.6 

71.9 

65.3 

73.4 I 

78.8 

78.3 

Mean 

62.2 

72.4 

75.9 

71.6 

60.5 ! 

78.0 


ences existed between the percentage drop means of any of the plots. 
The sprays were of no apparent value in preventing fruit abscission. 
The usual picking season for Baldwins in Rhode Island is from Octo- 
ber 1 to October 15. The sprays were applied late in the season. This 
may, in part, account for their apparent ineffectiveness. 

Conclusions 

Preharvest sprays of naphthalene acetic acid at varying concentra- 
tions had a pronounced effect in delaying fruit abscission on the variety 
McIntosh as indicated from this study. This effect persists for about 
10 days when one application at a .001 per cent concentration is used. 

The value of naphthalene acetic acid and certain commercial com- 
pounds containing plant growth ingredients as preharvest sprays on 
Greenings and Baldwins is questionable on the basis of this study. 
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The unsprayed Greenings held their fruit satisfactorily until October 
1, u^hereas the sprays on Baldwins, although applied late in the season, 
were of no apparent value in delaying fruit abscission. 

It is apparent that varieties respond differently to these sprays, and 
further studies pertaining to temperature and nature of abscission may 
reveal the causes of these differences. 
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The Influence of Leaf -Fruit Ratio on Alternate 
Bearing in the Applet 

By Tsuin Shen, Cornell University, Ithaca, N, F. 

M uch emphasis has been placed on the importance of a high leaf- 
fruit ratio to annual bearing (1, 5, 6). The results of many 
investigators, however, did not seem to support this view (2, 4, 8)". 
It would be desirable, therefore, to have some further information as 
to the influence of leaf-fruit ratio on alternate bearing. 

Materials and Methods 

Four varieties of apples were used in these experiments, McIntosh, 
Red Delicious, Golden Delicious and Wealthy. All the work was done 
in the Cornell University Experimental Orchards at Ithaca, New 
York. The McIntosh, Red Delicious and Golden Delicious used were 
young bearing trees and the Wealthy were mature bearing trees. 
Nitrogen was applied annually either in the form of nitrate of soda 
or in the form of cyanamide in all of the orchards. Most of the trees 
were moderate to vigorous in growth. 

Thinning experiments were carried out in two successive seasons, 
1938 and 1939. Beginning June, 1938, bearing limbs on all sides of the 
tree were ringed at a point where they were one inch in diameter. 
A strip of about hich of bark was removed. Immediately after the 
limb was ringed, the fruits on that part of the limb above the ring were 
thinned to 20 in number in all cases. The leaf area on that particular 
part was later calculated and expressed in terms of square centimeters. 
The percentage of blossoming spurs was calculated by comparing the 
total number of blossoming spurs to the total number of spurs. This 
was used to indicate the percentage of fruit bud differentiation. 

In the summer of 1939, the same branches which had been used 
last season were employed for the experiment. Only a few very weak 
limbs failed to heal over the rings made the previous year. Various 
limbs were subjected to any of the following four treatments: (a) 
ringed and thinned, (b) ringed, not thinned, (c) not ringed, thinned, 
and (d) not ringed, not thinned (check). Thinning was done in the 
same manner as was done the previous year, leaving 20 fruits on the 
limb in all cases. The new ring was made from 54 lo above 

the old one. 

In both seasons, thinning was done in two periods. The first period 
was from June 13 to June 30 (38 to 55 days after full bloom), the 
second period from July 1 to July 17 (56 to 70 days after full bloom). 
The limbs were so arranged that on each tree, some limbs were thinned 
during the first period and some others thinned during the second 

Results of 1938-1939 

The coefficients of correlation between leaf-fruit ratio and fruit bud 
differentiation are presented in Table 1. With McIntosh, considering 

^The writer wishes to acknowledge his deep indebtedness to Professor A, J. 
Heinicke, who gave invaluable advice and encouragement during the course of 
the investigations. 
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TABLE I— CoKFFiciKNTS OF Correlation Between Leaf-Fruit Ratio 
AMD Fruit Bud Differentiation 


Number of 

Coefficient of 

Least 

Highly 

Correlation 

Significant ' 

Significant 

Observations 

(r) 

Value of r 

Value of r 


Value of r 
for Odds 0:1 


McIntosh 


Entire population . . 

180 

0.473 

Leaf-fruit ratio 


0.484 

200- 699.9 

: 95 

700-1399.9 

85 

0.418 

700- 999.9 

72 

0.697 

1000-1399.9 

13 

0.485 


0.138 

0.181 


0.205 

0.267 

0.173 

0.217 

0.283 

0.183 

0.232 

0.302 

0.195 

0.553 

0.684 j 

0,476 


Entire population . . 


101 


Red Delicious 


0.685 


0.195 


0.254 


0,164 


Leaf -fruit ratio 

200- 699.9 70 

700-1499.9 81 

900-1499.9 9 


0.181 

0.534 

0.609 


0.232 

0.355 

0.666 


0.302 

0.456 

0.798 


0.195 

0.296 

0.582 


Gdden Delicious 


Entire population . . 

88 

0.593 

0.205 

0.267 

0.173 

Leaf-fruit ratio 






200- 699.9 

52 

0.250 

0.273 

0.354 

0.231 

700-1399.9 

36 

0.696 

0.325 

0.418 

0.275 

900-1399.9 

9 

0.734 

0.666 

0.798 

0.582 


the entire population of 180 limbs, it can be seen that there is a highly 
significant correlation between leaWruit ratio and fruit bud differentia- 
tion. The number of spurs differentiating fruit buds increases with 
the increase of leaf area per fruit. The increase of the former, however, 
is not directly proportional to that of the latter. Thus, when the leaf 
area increases from 200 to 699.9 square centimeters per fruit, the 
coefficient of correlation between these factors is .484. With a still 
larger leaf area per fruit from 700 to 1399.9 square centimeters, there 
occurs a decrease in the value of the coefficient of correlation although 
its level of significance is Well above 99:1, This seems to indicate that 
somewhere between 700 square centimeters and 1399.9 square centi- 
meters of leaf area per fruit, there is more or less a limit beyond which 
further increase in leaf area does not result in more fruit bud dif- 
ferentiation. 

In order to find this limit, the limbs included between 700 and 
1399.9 square centimeters are divided into two parts, one having 700 
to 999.9 square centimeters of leaf area per fruit, another having 1000 
to 1399.9 square centimeters of leaf area per fruit. The data indicate 
that while an increase of leaf area from 700 to 999.9 square centimeters 
per fruit significantly increases the number of spurs differentiating 
fruit buds, a larger leaf area per fruit of more than 1000 square centi- 
meters apparently has very little effect. Likewise, it is to be noted that 
the coefficient of correlation in the case of 700 to 999.9 square centi- 
meters of leaf area per fruit is rather high, higher than that of 200 
to 699.9 square centimeters. This may possibly be interpreted on the 
basis that notwithstanding an increase of leaf area from 200 square 
centimeters to 699.9 square centimeters, a considerable portion of this 
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range is still below the minimum leaf area required for fruit bud 
differentiation. 

While a highly significant correlation exists between fruit bud 
differentiation and an increase in leaf-fruit ratio from 200 to 699.9 
square centimeters with McIntosh, such a correlation is not significant 
in the case of Red Delicious and has a level of significance only slightly 
above 9 : 1 in the case of Golden Delicious which can not be considered 
as si^ificant. This seems to indicate that Red Delicious and Golden 
Delicious require a higher minimum leaf area per fruit than McIntosh 
to differentiate fruit buds. In other respects, the response of Red 
Delicious and Golden Delicious to the increase in leaf area is essen- 
tially similar to that of McIntosh in that with all of the three varieties, 
there appears to be a range of leaf area, within which, increase in leaf 
area per fruit causes an increase in fruit bud formation. Outside of 
this range, either beyond or below, fruit bud differentiation was little 
influenced by the increase of leaf-fruit ratio. 

The variety Wealthy apparently was not influenced by thinning 
under the condition of this experiment. Thinning was started on June 
28 which was probably too late for such a strongly alternate variety. 

The data in Table II show the relationship between the time of 
thinning and fruit bud differentiation. Previous discussion has brought 


TABLE II — Coefficients of Correlation Between Time of Thinning 
AND Fruit Bud Differentiation 



Number 
of Ob- 
servations 

1 

Coefficient of 
i Correlation 

! (r) 

Least 
Significant 
Value of r 

Highly 

1 Significant 

1 Value of r 

Value of r 
for Odds 9:1 



McIntosh 



A. Leaf-fruit ratio be- 
tween 600 and 899.9 






only, entire season . . 

103 

-0.791 

0.195 

0.254 

— 

B. Entire range of leaf- 
fruit ratio: 






June LS to June 20 i 

81 

-0.692 

0.217 

0.283 

0.183 

June 20 to July 17 

99 

-0.526 

0.195 

0.254 

0.164 

June 21 to June 30 

35 

-0.789 

0.325 

0.418 

0.275 

July 1 to July 10 

64 

-0.638 

0.250 

0.325 

0,211 

July 11 to July 17 

12 

-0.097 

0.576 

0.708 

0.497 


Red Delicious 


A. Leaf-fruit ratio be- 
tween 600 and 899.9 
only, entire season . . 

36 

-0.645 

0.325 

0.418 

0.275 

B. Entire range of leaf- 
fruit ratio; 

June 13 to June 15 

26 

-0.879 

0.388 

0.496 

0.323 

June 15 to July 17 

75 

-0.696 

0.232 

0.302 

0.195 

June 13 to June 20 

52 

-0.763 

0.273 

0.354 

0.231 

June 21 to July 17 

49 

-0.183 

0.288 

0.372 

0.243 

A. l.eaf-fruit ratio be- 
tween 600 and 899.9 
only, entire season. . 

44 

Golden Delicious 

-0,611 0.304 

0.393 

0,257 

B. Entire range of leaf- 
fruit ratio: 

June 21 to June 26 

40 

-0.811 

0.304 

0.393 

0.257 

June 27 to July 17 

48 

-0.423 

0.288 

0.372 

0.243 

July 10 to July 17 

30 

-0.126 

0.361 

0.463 

0.296 
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out the point that within a certain range, different for different variety, 
fruit bud formation increases with the increase in leaf area per fruit. 
In an attempt to eliminate this factor of leaf-fruit ratio, only limbs with 
leaf-fruit ratio between 600 and 899.9 square centimeters were used 
to study the effect of earliness of thinning on fruit bud formation. 
From part A in Table II, it can be seen that all three varieties show 
a significant correlation between these two factors. The correlation is 
negative which indicates that as thinning is performed progressively 
later in the season, it is less and less effective in increasing fruit bud 
formation. 

Just how late thinning can be done to be effective in increasing fruit 
bud differentiation is a question of practical importance. Part B in 
Table II endeavors to throw some light on this problem. In general, 
the data show that as late as July 10, about 2 months after full bloom, 
thinning significantly increased the percentage of fruit bud differentia- 
tion. After July 10, however', thinning does not have any effect in 
promoting fruit bud differentiation as is shown by the very low cor- 
relation coefficient. This is in accordance with what Magness et al. (7) 
recommended for Middle Atlantic conditions. 

Results of 1939-1940 

Of the many factors influencing fruit bud differentiation, there are 
four which can be studied by means of the data obtained in 1939-1940. 
These are, heaviness of bloom, )deld, leaf-fruit ratio and earliness of 
thinning. In order to study the correlation between fruit bud formation 
and either one of these four factors with the effect of the variation of 
the other factors eliminated, partial correlation between any two of 
these five variables was calculated. 

From Table III, it can be seen that with McIntosh, under the treat- 
ment of ringed and thinned, the correlation between fruit bud dif- 
ferentiation and leaf-fruit ratio is not significant. This holds true from 
gross coefficient through to the third order coefficient when the eflfects 
of the other three variables, namely, percentage of blossoming spurs 
in 1939, yield in 1939, and earliness of thinning, are held constant. 
A highly significant correlation exists between fruit bud differentiation 
and the percentage of blossoming spurs in 1939. The relationship is 
an inverse one, that is, the heavier the bloom in 1939, the smaller is 
the percentage of spurs differentiating fruit buds during that season, 
and consequently blooming the following season. There is a similar 
high correlation between fruit bud differentiation and yield ; but the 
correlation with earliness of thinning is not so significant, the level 
of significance being slightly above 19 :1 only in cases when the effect 
of the percentage of blossoming spurs in 1939 is eliminated. 

Similar calculations with Red Delicious and Golden Delicious 
brought out the fact that contrary to the findings in 1938,- fruit bud 
differentiation did not seem to be much influenced by lesff-fruit ratio 
and earliness of thinning. As a whole, the heaviness of blossoming in 
the spring has a decidedly greater influence on fruit bud formation 
than any other factors. 
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TABLE III — Fruit Bud Differentiation on Branches Ringed and 
Thinned, as Shown by Correlations Between (a) Leaf-Fruit 
Ratio, 1939, (b) Percentage of Blossoming Spurs, 1940, 

(c) Percentage of Blossoming Spurs, 1939, (d) Yield, 

1939, and (e) Earliness of Ringing and 
Thinning, 1939 



0 

Order 

Sub- 

0 

Order 

1st 

Order 

Sub- 

1st 

Order 

2nd 

Order 

Sub- 

2nd 

Ch-der 

3rd 

Order 

Sub- 

3rd 

Order 


script* 

Coeff. 

script* 

j Coeff. 

script* 

Coeff. 

script* 

Coeff. 


McIntosh 


Group A 

12 

-0.010 

12,3 ! 

-0.139 1 

12.34 

-0.192 

12.345 

-0.201 



12.4 

0.003 

12.35 

-0.144 

1 





12.6 

-0.001 

12.45 

0.001 



Group B 

23 

-0.515 

23.1 

-0,529 

23.14 

-0.697 

23.145 

-0.756 



23.4 

-0.683 

23.15 

-0.629 






23.5 

-0.619 

23.45 

-0.740 



Group C 

24 

-0.402 

24.1 

-0.402 

24.13 

-0.634 

24.135 

-0.633 



24.3 

-0.625 

24-15 

-0.394 






24.6 

-0.394 

24.35 

-0.623 



Group D 

25 

-0.088 

25.1 

-0.087 

25.13 

-0.410 

25.134 

-0.408 



25.3 

-0.408 

25.14 

0.008 






26.4 

0.017 

25.34 

-0.403 




Level of Significance 


DP 


28 


27 


26 


25 

99:1 


0.463 


0.470 

] 

0.478 


0.487 

19:1 


0.361 


0.367 


0.374 


0.381 

9:1 


0.296 


0.323 


0.323 


0.323 


^Subscript 12 denotes correlation between items 1 and 2; 12.3 between 1 and 2 with 3 constant; 
12.34 between 1 and 2 with 3 and 4 constant; 12.345 between 1 and 2 with 3, 4, and 5 constant. 


rij.3 = 
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Discussion and Conclusion 

The results obtained in 1938-1939 showed that w'ithin a certain 
range, different for different variety, there was an increase in fruit 
bud differentiation with an increasing leaf-fruit ratio. The evidence 
semed to indicate that there was a relationship between the minimum 
leaf -fruit ratio required for fruit bud differentiation and the tendency 
of the variety to alternate bearing. Those varieties which require a 
higher level of leaf-fruit ratio are more strongly biennial in habit than 
those which require a lower level of leaf-fruit ratio. 

Contrary to the findings in 1938, fruit bud differentiation did not 
seem to be much influenced by leaf-fruit ratio and earliness of thin- 
ning in the experiment conducted during 1939 and 1940. It is to be 
remembered that the limbs used in 1939 were the same ones used in 
1938. Many limbs were ringed twice. Although most of the rings were 
healed over, or at least partly so, it seems doubtful that the chemical 
composition of the ringed branches was comparable to those not ringed. 
As Curtis (3) has shown, ringing not only increases the carbohydrates 
content, but also tends to decrease the concentration of the mineral 
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elements in the portion above the ring. It would be reasonable to 
suppose, therefore, that possibly nitrogen is deficient in the ringed 
branches in 1939. This supposition is given some weight by examining 
the result with the treatment not ringed and thinned. It is only in this 
treatment that the leaf-fruit ratio assumes some importance in influenc- 
ing fruit bud formation. It indicates that when the branches^ are not 
ringed for the second time, the limbs may have a sufficiently high level 
of nitrogen content to respond positively to the increased leaf area. The 
deficiency of nitrogen in the tissues of the branches can be further 
enhanced by the development of a heavy bloom since the developing 
flowers, among other things, utilize a considerable amount of nitrogen. 
The heavier the bloom, the more nitrogen is consumed. This probably 
accounts for the fact that the heaviness of bloom had a decidedly 
greater influence on fruit bud formation than any other factors in the 
1939-1940 experiment. 

x^nother possible explanation can be ascribed to the exceedingly dry 
season of 1939 at Ithaca. This was one of the driest on record, and a 
serious moisture deficiency at the time of fruit bud differentiation may 
be responsible for the discrepancy between the two season's results. 

In light of the data herein presented, it is concluded that the leaf- 
fruit ratio, which is chiefly concerned with carbohydrates supply, is 
not always the deciding factor for fruit bud differentiation. Undoubted- 
ly, alternate bearing is influenced by a number of factors, and it would 
be absurd to attach too much importance to any one single factor. 
Under certain conditions, the nitrogen supply or water supply or some 
substance not yet known might have more influence on alternate bear- 
ing than any other factors. 
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Relative Carbohydrate and Nitrogen Concentration 
in New Tissues Produced on Ringed Branches^ 

By A. E. Murneek, Unwersity of Missouri, Columbia, Mo. 

T hat it is possible to increase the set and size of apples and other 
fruits by ringing the branches is now well established (6, 7, 8, 2). 
The mechanism of this effect is not yet clear, however, though there is 
some evidence that this treatment may have a favorable influence on 
the nutrition of the bearing spurs or twigs (2). 

Since the nitrogenous and carbohydrate substances seem to be the 
chief organic materials that build the fruit, it was thought desirable 
to determine their relative concentration in the new tissues developed 
on ringed and control branches. The apple spur system was selected as 
a convenient unit because of its close association with fruit production. 

An ample number of spurs from ringed and control branches of the 
Rome (ringed on April 14 and 30) and Ingram (ringed on April 19) 
varieties were collected early in the morning on the following dates : 
Rome, April 14, flowers opening; April 30, beginning of the second 
drop ; May 14, third drop in progress ; May 24, all drops completed. 
Ingram: April 19, full bloom; May 14, third drop beginning; May 26, 
last drop not quite completed. Bearing spurs only were taken into 
consideration. The material was divided into flowers or fruit, leaves, 
current season’s growth (cluster base and side bud or vegetative shoot) 
and old portion of the 
spur. Preservation and 
chemical analyses were 
performed according to 
standard procedures de- 
veloped in our labora- 
tory. A part of the results 
are presented here in 
graphical form (Figs. 1, 

2, and 3). < 

It will be observed I 
from Fig, 1 that increase g 
in fruit setting of the I 
Rome variety was very | 
closely the same whether 
ringing was performed 
on April 14, when flow- 
ering was just beginning 
(line A), or 16 days later 
(line B). This would 
seem to indicate that the 
treatment had a beneficial 
effect chiefly on the sec- 
ond and/or third drops Fig. 1. Effects of branch ringing on fruit set 
(5). Results obtained Rome and Ingram varieties. 

^Contribution from the Department of Horticulture, Missouri Agricultural 
Experiment Station Journal Series No. 715. 
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Fig. 2. Relative carbohydrate and nitrogen 
content of flowers or fruit and new por- 
tions of the spur of ringed and control 
branches. Variety Rome, ringed April 14. 


with Ingram lend sup- 
port to this probability, 
for in this case the fruit 
set was not increased un- 
til the period of the third 
drop (line C). The 
fourth drop in either va- 
riety may not have been 
influenced to any extent, 
for in all three instances 
(lines A, B and C), the 
curves referring to this 
period show protracted 
plateaus. What possible 
physiological changes 
may have occurred in the 
terminal parts, especially 
the spurs, of the ringed 
branches, which has 
caused or accompanied 
this effect? 

The comparative con- 
centrations of starch, 
sugars and nitrogen in 
the flowers or fruit and 
the current season’s 
growth of the spurs (clus- 
ter base and other vege- 
tative parts, exclusive of 
leaves) of ringed and 
control branches of both 
early and late ringed 
Rome trees are presented 
in Figs. 2 and 3. Similar 
results were obtained 
with the Ingram variety, 


but are not given here. In general, all show the usual seasonal changes 
in these substances (4). Because of the treatment, however, both the 
fruit and the spurs were higher in carbohydrate and somewhat lower 
in nitrogen content, which is in general agreement with Greene’s 
results (2). In the case of the late ringed Romes, this difference was 
small or non-existent, yet fruit setting was augmented just as much 
from late as from early ringing (Fig. 1). Records of chemical analyses 
of newly formed shoots and of leaves (not presented here) showed a 
similar trend, thus indicating that the treatment was conducive to the 
accumulation of organic food materials at all terminal points of the 
branch. This condition was obtaining despite the fact that these sub- 
stances undoubtedly were utilized in greater quantity because of the 
increased fruit production and possibly also more extensive shoot 
growth (6). 
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Discussion and Conclusions 


The above evidence, that of others (4, 2), and some still unpublished 
data would seem to indicate that carbohydrate accumulation is asso- 
ciated with the growth and development of the apple from a period 
when the second and third drops usually occur till the time of fruit 
maturity. It is well known, of course, that the final size of the fruit is> 
determined largely by the carbohydrate supply (leaf-fruit ratio). Con- 
sequently, it should be quite natural that a treatment like branch ring- 
ing, which results in holding above the ring for a certain period the 
carbohydrates moved up from reserves early in the spring, and those 
subsequently synthesized by the newly formed leaves, would benefit 
the fruit crop. Branch ringing or scoring, therefore, may be considered 
an orchard practice that permits us to regulate to a considerable extent 
the number of fruits set and their size at a stage when nitrogen ferti- 
lizers may not be so effective, for it is here a matter of carbohydrate 
supply. 

During the early phases, immediately after flower pollination and 
fertilization, however, fruit setting and development are very much 
influenced by the nitrogen supply. The apple flow’ers are formed and 
the fruit is initiated at 


the time when the shoots 
and leaves also start 
growing. Both the repro- 
ductive and the vegeta- 
tive organs require large 
quantities of nitrogen for 
the first stages of devel- 
opment (4). The detri- 
mental effects of too se- 
vere a competition for 
this element may be al- 
leviated by the popular 
practice of applying ni- 
trogen fertilizers in the 
spring or preceding fall. 

The question may be 
raised whether fruit set- 
ting after all is directly 
correlated with or con- 
trolled by the food supply 
to the reproductive or- 
gans and associated tis- 
sues. It is possible that 
‘^growth substances” 
(hormones) of some type 
may be the real re^la- 
tory agents, while nitro- 
gen, carbohydrates, and 
other food materials may 
merely serve as sub- 



Fig. 3, Relative carbohydrate and nitrogen 
content of flowers or fruit and new por- 
tions of the spur of ringed and control 
branches. Variety Rome, ringed April 30, 
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strates for these catalysts. It has been demonstrated that ‘^growth 
hormones’^ (using this term in a generic sense) are produced by the 
terminal buds and new shoots of the apple and that the peak in their 
formation (concentration) is reached prior to the time of most active 
growth (1). This is likewise the crucial period of fruit setting and 
the occurrence of the largest number of drops ( 5 ) . Since these growth 
substances move basipetally from the current season's growth to older 
portions of the tree, it is more than probable that branch ringing may 
cause their retention above the ring and thereby increase the general 
concentration from this point up. It has been found that growth hor- 
mones are produced in greater quantity by reproductive than by vege- 
tative shoots ( 1 ) , that they are present in relatively large amounts in 
the ovules and developing seeds, and that certain of these substances 
are very effective stimulants for fruit formation (parthenocarpically) 
(3). This information is very suggestive of their possible importance 
in fruit production. 
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Studies on Time of Peach Thinning from 
Blossoming to Maturity 

By J. H. Weinberger, U. S. Horticultural Field Laboratory, 
Fort Valley, Ga. 

T N the last few years the practice of thinning early-ripening varieties 
A of peaches in the bloom has gained in popularity among peach 
growers in the important peach-producing area around Fort Val- 
ley, Georgia. Three reasons may be responsible for this shift in 
time of thinning: first, the apparent benefits from early thinning; sec- 
ond, the large proportion of early-ripening varieties grown in this 
area \ and third, the difficulty of obtaining sufficient labor to thin large 
plantings later in the season. 

Numerous experiments (1, 2, 3, 4) have been reported on the sub- 
ject of thinning, but there is little experimental evidence, especially 
with early-ripening varieties, showing the comparative effects of 
thinning in the bloom and during the succeeding six weeks. Tukey 
and Einset (S) report increases in size and color of fruit and flower 
bud formation with Elberta when bloom thinned, as compared with 
later thinnings. 

In the present study, covering a 3-year period, fruit on different 
plots were thinned at regular intervals of approximately 2 weeks be- 
ginning at full bloom, to determine at which period in the growth of 
the fruit the thinning was most effective. The early-ripening varieties 
Early Rose, Early Hiley, and Hiley, all located in commercial orchards 
near Fort Valley, were used. From six to 10 trees were included in 
each plot, and except for the Hiley variety, these plots were duplicated 
for each date of thinning. The original plan had been to use the same 
trees and treatments in successive years, but a light set of fruit the 
second season eliminated the advantages of that plan and made it ad- 
visable to shift to younger plantings the third season. Thus, 8-year-old 
Early Rose trees were used in 1938 and 1939, and 5-year-old trees in 
1940. Ten-year-old Hiley trees were used in 1938 and 4-year-old Early 
Hiley trees in 1940. 

In these studies it was desired to have the fruit on all plots spaced 
as near as possible to 6-inch intervals at harvest. To accomplish this, 
it was necessary to vary the thinning distance on various dates to 
compensate for the natural abscission of fruit which followed the 
earlier thinnings. Thus at bloom thinning the blossoms were left 3 
inches apart ; at the later thinnings 4 ; then 5 ; and finally, after the 
May drop, 6-inch spacings were used. By actual count in 1938 from 
75 to 80 per cent of Early Rose flowers were removed in blossom 
thinning. The drop on thinned trees was very light in comparison 
with that of unthinned trees, but could not be ignored if the various 
plots were to have comparable loads of fruit. At harvest all the fruit 
from each plot was run over a grader and sorted into classes varying 
by 
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Results 

Early Rose Variety : — The effect of time of thinning on Early Rose 
peaches is shown in Table I. In 1938 the percentage of the total yield 
(on weight basis) in the two larger grades, is greatest for blossom thin- 
ning and steadily decreases through later dates of thinning. Conversely, 
trees thinned later in the season have a greater proportion of their 
yield in the smaller sizes. Yield of the blossom-thinned trees was lower 
than in other plots, because of an unexpectedly heavy drop after thin- 
ning ; nevertheless they bore 45 pounds of fruit over 2 inches in di- 
ameter, compared with but 16 pounds from trees thinned May 2. 

In 1939 there was an unusually heavy drop of Early Rose fruit dur- 
ing the season. The average yield (Table I) was only one-half that of 
the previous year. As a result, time of thinning had little effect on the 
size of the fruit at harvest. It was noted that the early-thinned trees 
wdiich had had from one-third to one-half of the crop removed in thin- 
ning nevertheless carried more fruit to maturity than the later-thinned 
trees, as shown by average yield. 


TABLE I — Effect of Time of Thinning on Size of Early Rose, Hiley, 
AND Early Hiley Peaches 




Percentages of Crop in Size Classes 

Yield 

Time Thinned 

Num- 
ber of 
Trees 

Under 

Inches 

lKto 2 

Inches 

2to2H 

Inches 

Over 

2H 

Inches 

Per 

Tree 

(Pounds) 


Early Rose, 1038 Season, i 

Harvested May 23 to June 2 

Mar 9 (full bloom) 

20 

2.2 

37.6 

54.1 

6.1 

75 

Mar 28 (shucks off) 

17 

3.5 

50.2 

44.9 

1.4 

99 

Apr 12 (before May drop) 

17 

4.8 

66.1 

28.8 

0.3 

116 

Apr 22 (pits hardening) 

May 2 (pits hard) 

17 

6.2 

70.2 

23.8 

0.3 

104 

20 

11.7 

74.5 

13.5 

0.3 

120 


Early Rose, : 

1039 Seasoi 

t. Harvested 

1 June 5 to 

12 

Mar 24 (full bloom) 

20 

1.8 

16.0 

56.1 

26,1 

45 

Apr 12 (shucks off) 

17 

2.5 

22.6 

56.3 

18.6 

51 

Apr 26 (before May drop) 

May 11 (May drop) 

17 

1.1 

18.2 

58.6 

22.1 

47 

17 

1.5 

16.8 

55.8 

25.9 

29 

May 24 (pits hard) 

20 

1.8 

18.7 

55.1 

24.4 

35 


Early Rose, 1940 Season 

, Harvested 

June 15 to 

22 

Apr 1 (full bloom) 

16 

9.8 

46.7 

40.4 

3.1 

120 

Apr 16 (shucks off) 

17 

7.8 

49.0 

41.0 

2.2 

114 

May 2 (before May drop) 

18 

16.2 

62.7 

20.9 

0.2 

95 

May 16 (pits hardening) 

15 

23.9 

63.5 

12.6 

0.0 

110 

Unthinned 

8 

79.1 

19.8 

1.1 

0.0 

127 



Hiley, jpji 

8 Season, Harvested June ii to xf 


Mar 9 (full bloom) 

1 10 

0.5 

12.1 

65.5 

21.9 

122 

Mar 30 (shucks off) 

0 

0.9 

24.0 

67.1 

8.0 

145 

Apr 12 (before May drop) 

10 

1.2 

27.1 

60.8 

10.9 

130 

Apr 22 (pits hardening) 

May 6 (pits hard) 

9 

1.3 

28.9 

67.0 

2.8 

126 

15 

1.9 

32.5 

59.8 

5.8 

125 

May 21 (final swell) 

10 

0.6 

29.4 

62.3 

7.7 

133 

Unthinn^ 

6 

6.2 

65.0 

27.5 

1.3 

162 


Earl: 

y Hiley, 1940 Season, . 

Harvested June 28 to J 

"uly 8 

Mar 25 (full bloom) 

20 

1.2 

17.4 

61.1 

20.3 

112 

Apr 10 (shucks split) 

20 

1.5 

21.5 

62.9 

14.1 

102 

Apr 25 (before May drop) 

20 

1.1 

23.1 

64.3 

11.5 

114 

May 10 (May drop) 

May 26 (pits hard) 

20 

1.0 

27.0 

65.2 

6.8 

85 

8 

2.2 

31.2 

60.1 

6.5 

97 

Unthinned 

10 

9.4 

67.3 

23.2 

0,1 
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Early Rose trees in 1940 set a heavy crop of fruit, and again the 
effects of early thinning on increased size of fruit are evident (Table 
I). Thinning in bloom resulted in 43 per cent of the crop being above 
2 inches in diameter, while thinning a month before harvest, May 16, 
gave only 12 per cent over 2 inches. Also the percentage of fruit under 
1J4 inches increased with the later thinnings from 10 per cent for 
blossom thinning to 24 per cent for the latest thinning. Although thin- 
ning a month before harvest was not nearly as effective as earlier 
thinning, it was much superior to no thinning. Much of this gain was 
due to the removal of small and injured peaches by thinning, which 
tended to increase the size average of the remaining fruits. On un- 
thinned trees only 21 per cent of the fruit graded above inches; 
23 per cent was below 1^ inches in diameter, and was useless for 
marketing. 

Htley Variety : — ^With Hiley in 1938 (Table I), peaches from trees 
thinned in the bloom were also the largest. The percentage of fruit in 
the larger-sized classes decreased progressively with later thinning, 
and the percentage in the smaller sizes increased from 13 to 30. Again, 
late thinning 3 weeks before harvest resulted in a surprisingly large 
increase in the size of fruits over unthinned peaches. 

Early Hiley Variety : — Early Hiley in 1940 (Table 1) responded 
similarly to early thinning. Blossom-thinned trees (March 25) had 
20 per cent of the fruit over 2j4 inches at harvest, while late-thinned 
trees (May 26) had only 6 per cent in that group. Likewise the pro- 
portion of smaller-sized peaches, under 2 inches, increased from 19 
per cent for earliest thinning to 33 per cent for latest thinning. Thin- 
ning at three different intervals between these extremes resulted in 
fruit of intermediate size in accordance with the date of thinning. 
Also, thinning a month before harvest increased the size of the fruit 
markedly, at the same time reducing the total yield about 30 per cent. 

With these early-ripening varieties it is evident that the earlier the 
trees were thinned, the greater was the percentage of fruit in the larger 
sizes at harvest. A delay of only 2 weeks in time of thinning at any 
period after full bloom resulted in smaller-sized fruits. Apparently the 
earlier the competition between fruits for available food material was 
relieved, the more advantage the remaining fruits possessed. 

The earlier the thinning was done the more time was required to 
thin a tree. When thinned in bloom it took one man 1 12 minutes to 
thin an 8-year-old Early Rose tree; 2 weeks later 56 minutes were 
required ; and at later intervals, 30 minutes and 24 minutes. The time 
required to thin a 4-year-old Early Hiley tree varied from 81 minutes 
in the bloom to 48, 30, 18, and 13 minutes at successive later dates. 
In the late thinnings one-third to one-half of the peaches were removed. 
In commercial practice no attempt is made to space flowers when 
thinning in the IdIooiu, as was done in this experiment, and the time 
required to blossom thin a tree approximates that required in late 
thinning. To perform a careful job of thinning, however, the time re- 
quired was roughly in line wnth the number of fruits or flowers to be 
removed. 

With Early Rose and Hiley varieties in 1938, trees that were 
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thinned early matured their fruit earlier and a greater portion of the 
crop was harvested in the first pickings. In the other experiments 
time of thinning did not affect time of ripening appreciably, except 
to hasten maturity in comparison with unthinned trees. Also thin- 
ning did not increase the set of flower buds on Early Hiley trees in 
1940 or Early Rose trees in 1939. 

Several factors must be considered in deciding when is the best time 
for thinning early-ripening varieties of peaches. From a practical 
standpoint it was impossible to effect a complete thinning job at blos- 
soming time. x\s a precautionary measure in these experiments, more 
flowers were left on the trees than the number considered necessary 
for a normal crop. After danger of frost was past it was necessary to 
rethin these plots lightly to equalize the set with that on the other 
plots. This procedure, of course, did not tend to make blossom thin- 
ning more effective. However, in two of the five experiments a natural 
drop thinned the trees beyond the desired spacing (Early Rose in 
1938 and 1939). 

Thinning 2 weeks after bloom, when the shucks had split, was still 
too early for a complete thinning job, and a light rethinning on a few 
trees was necessary. 

Thinning could be completed in one operation a month after bloom, 
l)ut less time was required at the 6-week interval. At the latter time 
the '"May” drop had not occurred, but peaches destined to drop were 
smaller than others, x\lso those fruits that were larger because of 
favored position on the branch could be selected and allowed to re- 
main in thinning. Pits had not yet started to harden, and some benefit 
in increased size of endocarp could be expected from thinning at this 
time. 

It would seem, therefore, that with early varieties under Georgia 
conditions, it is desirable to thin as early in the season as practicable. 
While thinning in the bloom is advantageous, especially where a 
heavy set of fruit is in prospect, the hazards involved cannot be over- 
looked. A light blossom thinning, supplemented by another thinning 
6 weeks later, would probably be the more successful under average 
conditions. 
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Simple and Complex Periclinal Tetraploidy in Peaches 
Induced by Colchicine 

By Haig Dermen, U. S. Horticultural Station, Belfsville, Md. 

T ETRAPLOID tissues have developed in peach following treatment 
of newly germinated seed with colchicine solution. Enlarged sto- 
mata indicate that the epidermal tissue is polyploid, but are not an 
indication of chromosome constitution of underlying tissues. Enlarged 
pollen grains indicate that the tissue from which they are developed 
is polyploid. Transverse paraffin sections from the very tips of growing 
stems have shown the chromosome pattern in trees examined. In one 
case the epidermis only is tetraploid, the inner tissues remaining 
diploid. In a second plant, one side shows tetraploidy of the whole 
epidermis and of all the cortex except a small area adjacent to the 
stele. The stele and pith are diploid except for one small area. The 
other side of the same plant has diploid epidermis, but all inner tissues 
are tetraploid. Pollen and egg cells produced from that side of the plant 
should be diploid, barring irregularities during meiosis. Cytological 
examination of such treated material is necessary before the true 
chromosomal condition can be determined. 


Chromosome Number of the Beach Plum 
(Prunus maritima) 

By W. D. Weeks, Massachusetts State College, Amherst, Mass. 

T he beach plum, Prunus maritima, is a rather low straggling bush 
which grows to a height of 3 to 12 feet. It grows rather extensively 
in sandy soil on the Cape Cod section of Massachusetts. The natives 
of this section gather the fruit from the wild bushes for making jelly. 
Very little has been done in the w^ay of trying to improve the fruit, 
either by selection or breeding, although it appears to have possibilities. 

The chromosome count was determined from root tips of seedlings 
which were growing in pots in the greenhouse. Active growing root 
tips were taken and immediately placed in CRAF fixing solution, a 
vacuum being used to hasten fixing. After the material had remained 
in the fixing solution overnight, it was run through the alcohol chloro- 
form series and imbedded in paraffin. Cross sections 12 microns thick 
were cut, mounted on slides, and stained with Heidenliain's haema- 
toxylin or crystal violet. 

The slides were examined at magnifications of 697.5 and 1162.5. 
Sixteen somatic chromosomes were found showing that the 2n number 
of Prunus maritima is the same as that of P. Americana and P. salicina. 
The establishment of the chromosome number of 16 for the beach plum 
should give some indication as to its use for future breeding work with 
other species of Prunus. It is more likely that the beach plum can be 
successfully crossed with species of Prunus such as Americana and 
salicina, which have 16 for their 2n chromosome number, than with 
species like domestica and insititia which have 48 for their 2n number. 
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Pollination Experiments With Starking 

By Gordon G. Brown and Leroy Childs, Oregon Experiment 
Station, Hood River, Ore. 

S TARKING and Striped Delicious, when planted solidly in large 
blocks without pollen varieties, are usually unfruitful or subject to 
low yields, particularly during seasons unfavorable to cross pollination. 
Owing to the prominent commercial importance of the Starking in 
the Hood River Valley, experiments were conducted in 1940 to deter- 
mine varieties, particularly the promising new red strains, with which 
it may be successfully crossed. 

Pollination tests were conducted in orchard No. 1, elevation 400 feet 
and in orchard No. 2, elevation 1,500 feet. Cuttings with bloom for 
orchard No. 1, were taken from trees on April 13, and immediately 
placed at room temperatures to accelerate their development. Pollen 
was removed on April 15 and 16, and held in shaded petri dishes until 
applied to Starking in full bloom on April 17. Branches under test 
were covered with cheese cloth during periods when cross pollination 
from external agencies, such as bees and other insects, was possible. 
Pollen in both experiments was applied by hand with a camers-hair 
brush. 

Weather conditions immediately prior to and after the opening 
of bloom with orchard No. 1, were especially favorable. The period 
was .marked by warm temperatures with clear or partly cloudy skies. 
Maximum temperatures varied from 65 to 70 degrees F and minimum 
from 34 to 50 degrees F. The number of blossom clusters setting one 
or more apples each, was determined on June 4 after the “Jtine drop*\ 
The procedure followed with orchard No. 2 was similar to that of 
orchard No. 1 in the collection of bloom, extraction and storage of 
pollen. Pollen of Red Spitzenberg (Goodenough strain), Blaxtayman 
and Staymared, was applied to Starking on May 2, due to advanced 
maturity of pollen taken from a similar elevation as that of orchard 
No. 1. "With the remaining varieties, this operation was performed 


TABLE I— Percentage of Starring Delicious Blossom Clusters 
Setting One or More Apples Each Following Cross 
Pollination (1940 Results) 



Orchard No. 1 

Orchard No. 2 

Per Cent 
Pollen 
Germina- 
tion 

Pollen Variety 

Per Cent 

No, of 
Apples 

Per Cluster 

Per Cent 

No. of 
Apples 

Per Cluster 

Spitzenberg (Goodenough 
Red strain) 

28.9 

1.0 

no 

1.16 

75 

Blaztayxnan , , 


Sta 3 miared 

7.7 

63.8 

1.25 

1 56 


0 

5 

10 

71 

68 

Blackjon 


1 

Ortlev 


OO *7 

1 

Golden Delicious 

2 ^ 

39.8 

1 97.0 

2.8 

11.5 

L66 

1.74 

1.84 

1.0 

1.0 

.33 


1 

1 

Newtown 

017.0 

48 

41 

57 

Blaekmack 

OO.S: 

1 

Gravenstein (Red strain) 
Winter Banana 

4SO.U/ 

1 

Starking 

1.05 

1.64 

_ 

66 
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on May 6. Delay in application was occasioned by rainfall on May 3, 
and to tardy development of Starking bloom. 

Weather conditions generally were less favorable for blossom devel- 
opment and fruit set for orchard No. 2. Frost injured or killed approxi- 
mately 10 per cent of the total bloom at the higher elevation with 
amounts varying in the individual cluster, from none to 3. Injured 
blossoms were removed before pollen was applied. Owing to slowness 
with which bloom developed under the cheese cloth bags, and the need 
for removing those which were injured or dead, the tips of the unsepa- 
rated petals were cut away to permit inspection and make hand polli- 
nation possible. 

Germination tests, using a 10 per cent sugar solution for the first 
three varieties, were performed on April 28, and for the remaining, 
on May 4. For some unaccountable reason, the entire series of tests 
conducted in a similar manner on April 18 for orchard No. 1, showed 
uniformly low germination. Results from the crossing of this pollen 
with Starking, however, indicate that the material for the most part 
was good. 

Conclusions 

Pollination experiments in Hood River V alley during 1940, indicate 
that Starking was practically self-unfruitful but that a successful set 
of fruit was obtained when this variety was pollinated by certain other 
commercial varieties that bloom at approximately the same time. The 
greatest per cent set was obtained from crosses with Blackmack and 
Blackjon. 



An Acquaintance with Peach Varietal Types is 
Essential in Peach Breeding to Secure 
Improved Varieties^ 

By M. A. Blake, N'eiv Jersey Agricultural Experiment Station, 
Nezv Brunswick, N. /. 

T here are two main objectives in the breeding of peaches : (a) the 
securing of improved varieties that will help to solve our ever 
changing economic problems; and (b) the discovery and proof in a 
technical manner of fundamental laws which govern the inheritance 
of plant characters. 

Facts can often be established by the survey method in a compara- 
tively short time which require years of effort when limited controlled 
studies are made. Keen, experienced producers and processors of 
peaches recognize many qualities and characters and combinations 
of same which a variety must possess to be satisfactory. These include 
external characters such as tree size, vigor, form, and strength ; flower 
type, and whether fertile or sterile, fruit size and form, skin color, and 
flesh color. 

Another series of characters may be classed as physiological, which 
include the degree of fruitfulness. Some varieties set few fruit buds, 
others set a considerable number, many of which are relatively weak 
and under-developed at leaf fall. Such varieties are truly weakly fruit- 
ful, vegetative types. Other varieties set fruit buds freely, nearly all of 
which are well -developed by the dormant season. These are truly fruit- 
ful types. 

Varieties of peaches also vary in their response to temperature, 
light, aeration, soil moisture, resistance to pests and spray materials. 
From a consumer’s and processor’s standpoint the acid, sugar, catechol 
tannin, and other chemical contents of the fruit of a variety of peach 
are outstanding characters. These characters are recognized and 
evaluated in commercial practice by producers, distributors, and con- 
sumers. The variety from a grower’s standpoint is a complete plant 
entity including tree, leaf, flower, and fruit characters susceptible or 
resistant to a wide range of factors. 

It is not a difiicult matter to learn from the experienced peach grow- 
ers of some regions what the characters are which they wish combined 
into a new plant entity. The information is generally given, however, 
in terms of other varieties; for example, a tree as hardy as Chili, 
adaptability of tree equal to Elberta, fruit equal to J. H. Hale in 
appearance and short pubescence, edible quality equal to Fireglow, 
and resistance to bacterial leaf spot equal to Hiley. 

It wdll probably be a long time before a statistical analysis or the 
genetics of all of the characters of the peach will be determined and 
published, but this does not need to hinder progress in practical breed- 
ing. A knowledge of how varietal types in fruits, trees, and physio- 
logical characters behave in breeding is an efficient basis of procedure. 

journal Series paper of the New Jersey Agricultural Experiment Station, 
Division of Horticulture. 
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The Crawford Varietal Type 

The Early Crawford has been known since the middle of the 19th 
century. It probably is a descendant of Alberge, which is several cen- 
turies old.^ Both of these varieties are said to belong to the Persian 
race. In view of the present knowledge of the origin of the peach it 
would be more correct to say that they are of the European type. 

Varieties such as Early Crawford, Fitzgerald, St. John, Reeves, and 
Late Crawford are all of the Crawford or Alberge fruit and tree type. 
They possess certain characteristics in common. It was learned many 
years ago that the peaches introduced from Europe and their progeny 
were not satisfactory commercial varieties in the deep South. Price 
(1) wrote in 1896, 'Tt is almost useless to plant this race in the 
southern part of the Gulf States’’. 

The fruit of the Crawford or Alberge-type peaches tends to be too 
small and variable in size on the same tree and to vary from generally 
small to generally large from season to season regardless of thinning. 
The skin is relatively thin, and is easily cut or broken when the fruit 
is mature. 

When Early Crawford was selfed at the New Jersey Station its 
progeny were all of the Crawford-type in both tree and fruit charac- 
ters. Some trees produced fruit wdth non-melting flesh similar to 
Tuskena, but many varietal t3^pes possess a character for non-melting 
flesh. 

When Early Crawford was crossed upon Elberta or the reciprocal 
cross was made, the progeny greatly resembled Early Crawford in 
such characters of fruit as relatively small size, variableness in size, 
and tender texture of skin and flesh. Fruits of some of the progeny 
were more oblique with a more pronounced wing to the pit than the 
Crawford. The edible quality w^as also diluted to some degree in this 
progeny by Elberta, but the dominant fruit characteristics were Craw’- 
ford. 

Many of the Alberge or Crawford-type varieties are rather low in 
catechol tannin, and the texture, color, and edible quality of the flesh 
are highly regarded. Nevertheless, very few commercial peach grow- 
ers in the Atlantic seaboard states will plant Crawford-type peaches 
if they know a variety to be of such a character. 

The J. H. Hale Type 

The J. H. Hale peach is characterized by a relatively small to 
medium sized thick-twigged tree, as it develops upon the Atlantic sea- 
board. Elberta trees are markedly larger than J. H. Hale, while Sal- 
berta, Smock, and Lemon Cling are examples of varieties that are 
larger even than Elberta. 

The J. H. Hale is not adapted to as wide a range of conditions as 
Elberta. It is not particularly desirable at Fort Valley, Georgia, or in 
the more northerly districts of the country. It lacks the productiveness, 
hardiness, and adaptability of Elberta. Certain physiological charac- 
ters of the variety are evidently the reason. Varieties of the true J. H. 
Hale tree and fruit type, such as Rio Oso Gem, and Candoka are 
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likely to respond in a similar manner to J. H. Hale although perhaps 
not to the same degree. Fruits of the J. H. Hale are medium high in 
tannin even under the most favorable conditions, and very high in some 
areas upon the Pacific Coast. A breeder should decide whether he 
desires a new variety for a given region that will possess the J. H. 
Hale tree, fruit, and physiological type. 

The Greensboro Type 

The Greensboro peach is characterized by a rather vigorous, wide- 
spreading tree that is relatively hardy in a broad sense. It develops 
many large fruit buds per foot of annual gi‘Owth under a wide range of 
soil and fertility conditions. At New Brunswick, New Jersey, the 
annual bud set is rather consistently 30 to 35 buds per foot. Even under 
unfavorable environmental conditions the bud set is often 20 buds 
per foot. 

Bud set may be regarded as an external character, but it is also 
evidence of the presence of physiological characters which enable this 
plant entity to be a markedly fruitful type. 

Cumberland, whose parents were Belle and Greensboro, and Rari- 
tan Rose, the result of a cross of J. H, Hale x Cumberland, possess 
this same character of a heavy bud set under a wide range of environ- 
mental conditions. Greensboro has other characters which tend to be 
dominant in crosses, such as flat-cheeked fruits and rapid softening of 
flesh particularly at the apex and suture. 

The Vegetative Type 

In contrast to the Greensboro t 3 rpe, there are varieties upon which 
fruit bud development proceeds relatively slowly in late summer and 
early fall every year in a given environment. A proportion of the 
buds are always weak, particularly upon the most thin and most vege- 
tative twigs. The trees indicate their sensitiveness to factors of their 
growing environment by variableness in bud development and in rela- 
tive fruitfulness. Under environmental conditions which favor a large 
reserve of carbohydrates in the early summer a good set of well- 
developed fruit buds for the variety commonly results. Such varieties 
may be rather vegetative, develop a light bud set and be susceptible 
to winter cold one year and be of a fruitful type with a good bud set 
and greater hardiness the next year. 

However, this type is too uncertain to be widely adaptable. Reeve’s 
Favorite, Chair’s Choice, Augbert, Candoka, Berks, Fireglow and 
Primrose are examples of this type in the environment of New Bruns- 
wick, New Jersey. The degree of vegetativeness varies greatly with 
the variety and the nature of the environment. Augbert is noticeably 
more vegetative and develops a lighter bud set in northern New 
Jersey than it does in southern New Jersey. 

Some unnamed peach seedlings of Fireglow open-pollinated, and 
Berks x N. J. 51025 are so vegetative that many of their buds die in 
late fall and early winter each year before low temperatures actually 
occur. 
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Additional Varietal Types in Crosses 

Eclipse self-pollinated yielded progeny all of which produced Eclipse- 
type trees and fruits. Some were freestones ; others clings and semi- 
clings. 

All of the progeny of Delicious crossed with J. H. Hale produced 
white-fleshed peaches. There were some seedlings of the Hiley type 
and all of these ripened their fruits at about the Hiley season. There 
were other seedlings which produced fruits of the Belle type and they 
all ripened their fruits at about the Belle season, or a little later. 

A cross of J. H. Hale x 41 S.D. (Slappey x Dewey) yielded progeny 
which were all of the Crawford or Alberge fruit type. 

Progeny of Golden Jubilee open-pollinated were all of the Golden 
Jubilee fruit type but the time of ripening varied from early until late. 

Self-pollinated Belle gave progeny that could be separated into Belle, 
Hiley and a few other white-fleshed fruit types, and Slappey, Eclipse, 
and Ambergem in yellow-fleshed fruit types. 

New Jersey 113115, a Hiley type from Belle selfed, when crossed 
with Goldmine Nectarine gave progeny all of which produced Hiley- 
type fruits. 

Types are Numerous 

There are many different types of peaches depending upon the factor 
or factors employed in classification. A keen and earnest plant breeder 
can soon learn how they are inherited. It is the experience of the 
author that a knowledge of peach varietal types including tree and 
fruit such as Alberge or Cra^ord, Eclipse, Elberta, Greensboro and 
Hiley peaches and how these types are inherited is more helpful in the 
breeding of improved varieties of peaches for special regions and uses 
than is a genetical study of the progenies by statistical methods. 
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Tests With New Copper Fungicides With Special 
Reference to Injury, Tenacity to Foliage, 
and Dw'arfing Effect* 

By H. T. Hartmann, University of California, Davis, Calif. 

E fforts have recently been made by plant pathologists and fungi- 
cide manufacturers to develop materials which would be acceptable 
as substitutes for Bordeaux Mixture. Consequently several types of 
relatively insoluble copper-containing spray materials have been intro- 
duced during the last few years. The active ingredients are such com- 
pounds of copper as oxides, silicates, hydroxides, chlorides, and basic 
sulfates. These materials are being tested at several Stations to deter- 
mine their merits as substitutes for Bordeaux. 

During the seasons of 1939 and 1940 comparisons were made at the 
Missouri Agricultural Experiment Station between a number of the 
new proprietary copper-containing spray materials, Bordeaux Mix- 
ture, and lime sulfur. It was desired to derive some indication as to 
the ability of these new sprays to control fungous diseases, to compare 
their toxicity to fruit and foliage, and to observe any effect they might 
have on the size of cherry fruits. The materials were to be further 
evaluated by testing their tenacity to the leaf surface of the apple and 
cherry during a period of weathering. 

Methods 

The 1939 tests were made on apples and cherries at the University 
Fruit Farm. Two large bearing trees of Golden Delicious and Jonathan 
apple and three to four mature Montmorency cherry trees were used 
for each treatment. In 1940 the spraying program was enlarged to in- 
clude more materials and a wider variety of plots. Spray applications 
were made to plots consisting of two trees each of Ben Davis and Rome 
Beauty apple and four to five trees of mature Montmorency cherry 
trees at the University Fruit Fanii. In addition eight plots of 18 trees 
each were sprayed in a 2-year-old cherry orchard at Monett, Missouri, 
consisting mainly of the Montmorency variety. Also six plots of seven 
trees each of large, bearing Montmorency cherry trees were used at 
Independence, IMissouri. In 1939 all the applications were made to the 
apples as cover sprays on May 17, June 3, June 27, and July 24. 
In 1940 the sprays were made as cluster bud (April 21), calyx cup 
(May 9), and first cover (May 23) applications. Four cherry sprays 
w^ere applied both years, the first application being made at time of 
bloom when the petals were two-thirds off. Subsequent sprays were 
applied at 2-week intervals, the last being made immediately following 
harvesting. 

The materials tested, other than Bordeaux Mixture and lime sulfur, 
are listed below together with the concentration used in pounds per 
100 gallons, their principal active ingredient, and the manufacturer: 

This investigation was conducted by the writer at the Department of Horti- 
culture of the Missouri Agricultural Experiment Station. 
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Basicop (3-100) Basic copper sulfate Sherwin Williams Co, 

Bordow (4—100) Cu-Mg complex Dow Chemical Co. 

Coposil (2J4-100) Copper-ammonium California Spray 

silicate Chem. Co. 

Cupro K (3-100) Copper oxychloride Rohm and Haas Co. 

Cuprocide 54y (1-100) Yellow cuprous Rohm and Haas Co. 

oxide 

Copper Hydro 40 (4- Copper hydroxide Chipman Chem. Co. 
100) and Lime (2-100) 

Copper Phosphate Copper phosphate Monsanto Chem. Co. 

(5-100) 

Copper Comp. A (2-100) Copper polychlo- E. I. duPont Co. 
and Lime (3-100) ride 

Spray Cop (1>^-100) Basic copper sulfate General Chem. Co. 
and Lime (2-100) and 
zinc sulfate (J4'100) 

Yellow Cuprocide Yellow cuprous Rohm and Haas Co. 

(1J4-100) oxide 

Z.O. (6-100) Copper zeolite Permutit Co. 

A 6-8-100 Bordeaux was used and liquid lime sulfur was applied at 
the rate of 2J4-100. Arsenate of lead at the rate of 2-100 was added 
to all applications. 

To evaluate the materials measurements were taken of the effect of 
the sprays on the leaf area and fruit size of the cherry, the injury to the 
foliage of the cherry and apple and to the fruit of the apple, conti'ol of 
Cherry leaf spot (Coccomyces hiemalis)^ and the tenacity of the sprays 
to the foliage of the apple and cherry. 

- Results 

Effect of Sprays on Fruit and Foliage Size : — The data in Table I 
shows that Bordeaux Mixture had a dwarfing effect on both the fruit 
and foliage of the cherry under the conditions of the tests. In every 
experiment the fruit from the Bordeaux sprayed trees was the smallest 
in size. This agrees with previous evidence that Bordeaux has a dwarf- 
ing effect on the fruit of the sour cherry (1, 3). In general, considering 
all the tests made, the fungicides used exhibited various degrees of 
dwarfing of both fruit and foliage. In accord with the results of Young 
(4) a dwarfing of the foliage was obtained with lime sulfur as well 
as with Bordeaux, Lime sulfur did not result in a reduction in fruit 
size except in one instance. 

These results were obtained one year when there was no cherry leaf 
spot infection and a second year when it was only light to moderate 
in amount. Consequently any dwarfing effect can be more definitely 
ascribed to the spray materials as there was little to no complicating 
factor of disease injury to the foliage. 
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TABLE I — The Effect of Spray Materials on the Size of Cherry 
Fruit and Foliage ^ . 



Fruit: No. of Berries per 500 Gms. 

Average Leaf Area (sq. cm.) 


(Average of 6 Samples) 

(500 Leaves per Sample) 

spray Material 

1939 

1940 

1939 

1940 


Univer- 

Univer- 

Independ- 

University 

Independ- 

Monett, 


sity Farm 

sity Farm 

ence, Mo. 

Farm 

ence. Mo. 

Mo. 

Spray Cop 



144.0 


— 

— 

— 

Coposil Hydro 40 

352.6 

147.3 

— 

19.5 

— 

— 

Check 

151.0 

152.5 

148.8 

22.1 

18.7 

21.0 

Z, 0 

162.5 

— 

— 

18.6 

— 

— 

Cuprocide 54y 

: 163.1 

— 

— 

22.3 

15.8 

18.9 

Lime Sulfiir 

175.0 

149.4 

147.0 

14.1 

Cupro K ^ 

177.6 

144.6 

157.3 

18.1 

14.9 

19.8 

Yellow Cuprocide 

— 

150.2 

— 



— 

16.6 

Coposil 

— 

168.6 

156.0 

— 

18.6 

15.9 

Basicop 

189.0 

144.0 

— 

16.1 

— 

21.6 

Bordow 

204.0 

162.5 

— — 

14.0 

— 

- 

Bordeaux 

212.3 

171.3 

160.3 

16.2 

14.5 

15.9 


Injury to Fruit and Foliage 

Apples : — Observations were made in both the 1939 and 1940 tests 
of the spray materials to determine their relative toxicity to the foliage 
of the apples and cherries and to the fruit of the apples. Conditions 
were very favorable for copper injury during the seasons of 1939 
and 1940. 

Bordeaux gave the greatest injury in 1939 to both Golden Delicious 
and Jonathan apple finally resulting in considerable defoliation of the 
trees. Other materials showing toxicity of commercial concern were 
Cuprocide 54y and Basicop, Cupro K, Coposil, and Copper Compound 
A gave some injury which, however, was not severe. Sprays which 
resulted in little or no injury to the foliage were Bordow and Z.O. 

In 1940 tlie apple varieties used, Rome Beauty and Ben Davis, were 
injured considerably by the copper sprays. Yellow Cuprocide caused 
slightly more injury than Bordeaux but the toxicity exhibited by both 
of these materials was severe. Although Copper Compound A showed 
no injury to the Rome Beauty it caused rather severe burning on the 
Ben Davis. The injury from Coposil w^^as not as great as from Bordeaux 
Mixture or Yellow Cuprocide yet w^as enough to be of commercial 
concern. 

All the spray materials used in 1939 caused russetting of the fruit 
of the apples sufficient to be of commercial importance, with the excep- 
tion of Z.O. and lime sulfur. The conditions under which the 1940 
experiments were made, being very favorable for copper injury, also 
resulted in extreme russetting of the apple fruit with most of the 
materials applied. Copper Compound A was the only material which 
did not cause severe injury to the fruit. 

Cherries : — On the cherry plots Yellow Cuprocide, similar to its 
action on the apple, resulted in extensive defoliation while Basicop, 
Coposil, Copper Hydro 40, Cupro K, and Copper Compound A 
showed evidence of only a slight amount of spray burn. Lime sulfur, 
Bordeaux, and Bordow caused no obvious burning of cherry foliage 
in these experiments. 
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Control of Disease 

An indication of the fungicidal value of the spray materials tested 
was obtained during the 1940 season at the University Fruit Farm 
cherry orchard. Cherry leaf spot began appearing on some of the 
check trees about June 20th. By July 10th certain of the check trees 
showed a moderate amount of defoliation. The trees sprayed with Lime 
sulfur and Basicop had approximately IS per cent of their leaves 
infected with leaf spot by July 10th. The trees sprayed with Copper 
Compound A, Copper Hydro 40, and Coposii had a slight amount of 
leaf spot appearing with approximately S per cent of the foliage yellow- 
ing due to the fungous organism. Trees sprayed with Cupro K, 
Yellow Cuprocide, Spray Cop, and Bordeaux Mixture showed no 
appearance of leaf spot. 

Adherence to Foliage 

While the amount of copper found on a leaf surface may not always 
be representative of the fungicidal value present, it is obvious that a 
very low percentage of copper retained after spraying would indicate 
a lack of protective value against fungous attack. Bordeaux Mixture 
is known to have excellent adhesive qualities (2). An examination 
of Table II will show that Cuprocide 54y showed more resistance to 
weathering on both varieties of apples, Jonathan and Golden Delicious, 
and on the Montmorency cherry than did Bordeaux ; although Bor- 
deaux was second to Cuprocide 54y among the materials tested. Very 
good conditions for weathering were obtained when 6.27 inches of rain 
fell during a two week period after the materials had been applied. 
On the apples Copper Compound A and Z.O. showed the least resist- 
ance to weathering, the test for copper being negative following the 
two week rainy period. No copper from Cupro K was found on the 
Golden Delicious foliage and only a slight amount was found on the 
Jonathan foliage after the weathering period. While the resistance to 


TABLE II — ^Tenacity of Insoluble Copper Sprays to Apple 
AND Cherry Foliage 


Spray 

Material 

Cherries 

Apples 

Montmorency 

Golden Delicious 

Jonathan 

Initial 

D^osit 

Resi- 

due 

After 

2 

Weeks 

Adher- 

ence 

(Per 

(ient) 

Initial 
i D^osit 

Resi- 

due 

After 

2 

Weeks 

Adher- 

ence 

(Per 

(jent) 

Initial 

Deposit 

1 Resi- 
due 
After 

2 

Weeks 

Adher- 

ence 

?Per 

Cent) 

Cuprocide 54y. . 

Hydro 40 

Bordeaux 

Copper Phos- 
phate 

Bordow 

Cupro K 

Z, O 

Copper Com- 
pound A 

Basicop 

4.7* 

7.0 
16.7 

15.1 

7.4 

5.1 

2.2 

8.9 

12.9 

4.2* 

4.5 

9.2 

6.2 
3.0 

1.9 

0.8 

1.3 

1.3 

89.3 

64.2 

55.0 

41.0 

40.5 

37.2 

36.3 

14.6 

10.0 

7.8* 

8.4 

16.2 

16.7 

8.3 

4.1 

6,7 

9.9 

12.6 

4.2* 1 
1.5 

7.3 1 

2.1 i 

2.3 
0.0 
0.0 

0.0 

1.1 

53.7 

17.8 
48.1 

17.4 

23.0 

0.0 

0.0 

0.0 

8.4 

8.6* 

19.9 

19.3 

30.4 
13.6 

6.8 

8.S 

19.8 

5.6* 

7.2 

9.3 

6.9 

1.3 
0.5 
0,0 

0.0 

69.2 

35.8 
48.1 

22.8 

9.6 

6.6 
0.0 

0.0 


♦Milligrams of copper per 500 square centimeters of leaf area (One leaf surface considered). 
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weathering of these spray materials expressed as percentage adherence 
of metallic copper did not maintain the same order in all the tests 
made, it is possible to group them as resistant or non-resistant to 
weathering action. Those which may be classed as resistant on the 
basis of these tests are Cuprocide 54y, Bordeaux Mixture, Copper 
Hydro 40, and Copper Phosphate. The materials which showed lack 
of resistance to weathering are Z.O., Copper Compound A, and 
Basicop. Cupro K and Bordow tend toward an intermediate position. 
A marked difference was also found in the initial amount of copper 
deposited on the foliage by the various spray materials. 

Summary and Conclusions 

In this investigation Bordeaux Mixture was found to be undesirable 
to use on sour cherries due to a dwarfing action on the fruit and 
foliage. It was also undesirable for use in early season apple sprays 
due to burning of the foliage and russetting of the fruit. Several of the 
proprietary copper sprays were found to cause rather severe injury 
under the conditions of the tests. 

In tests made for the control of the fungous organism causing cherry 
leaf spot Bordeaux Mixture, Cupro K, Yellow Cuprocide, and Spray 
Cop were found to be adequate. 

Bordeaux Mixture and Copper Phosphate were found to have both 
the largest initial deposit of copper on the leaves and the best adhesive 
qualities. 

Two materials which combined control of the fungous with freedom 
from injury to the plant were Cupro K and Spray Cop and, according 
to this investigation, may offer promise as substitutes for Bordeaux 
Mixture. 
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The Bordeaux Formula in Horticultural Research^ 

By E. P. Christopher, Rhode Island Agricultural Experiment 
Station, Kingston, R, 1. 

A QUOTATION from a recent paper by McCallan and Wilcoxon 
states (7), “that fifty years of experimentation with copper com- 
pounds have given us none equal to Bordeaux mixture’^ In spite of 
its failings, Bordeaux is being used more or less generally for the 
control of diseases. It is quite generally considered the standard fungi- 
cide (12). It has come to the writer’s attention on a number of occa- 
sions that there is some lack of uniformity in the understanding of any 
given formula for Bordeaux. Much research has been or is being 
carried on involving very accurate and expensive equipment for meas- 
uring not only toxicity but photosynthesis, respiration, and transpi- 
ration and it would seem reasonable to suspect some of the apparent 
differences in results to be due to differences in interpretation of for- 
mula. We have been interested at the Rhode Island station for several 
years in the. standardization of fungicides (4) but have found, even 
among our own group, considerable difference of opinion. The excel- 
lent paper by Wilcoxon and McCallan (12) is a step in the right 
direction and it suggested to the writer that a survey of workers in the 
horticultural field to determine their understanding of the meaning of 
a 4-’4 - 50 Bordeaux would be of value. 

A single page survey blank was sent to workers in all parts of the 
United States and to several in Canada. Purposely, several blanks were 
often sent to the same college or university. The response was quite 
gratifying and 77 blanks were finally used in tabulation. There were 
40 institutions represented. In a good many instances one person was 
delegated to answer for the institution, showing a desire for uniformity 
which has real merit. As might be expected, some blanks were not 
filled out completely but in most cases at least 73 answers were avail- 
able for each question. 

Results of the Survey 

The first question involved the meaning of the first and second fi^ire 
“4” in the common formula 4-4—50. Of 77 answering the question, 
67, or 87 per cent, said the first figure meant 4 pounds of copper 
sulphate, and a minority of 10, or 13 per cent, thought of it as 4 pounds 
of some form of lime. In the second part of the question, 10 specified 
copper sulphate and the remaining 67, some form of lime. Twenty-six 
mentioned calcium oxide; 32, hydrated lime; one, both; and 18, lime 
without any specification as to form. Many in the last group indicated 
their preference as to form, later in the survey. 

A series of questions was asked regarding the method of mixing the 
spray. Of 70 answering the question as to which was added first, 
copper sulphate or lime of some form, 44 put in the copper sulphate 
first, 21 put in the lime first, and five put them in together. Fifty-eight 
favored diluting the copper sulphate before combining, while 18 favored 


^Contribution No. 571 of the Rhode Island Agricultural Experiment Station. 
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using it in a more concentrated form. Only 38, however, felt it neces- 
sary to dilute the lime. 

Another question had to do with the form of copper sulphate used. 
While a number of different terms were used including 27 powder, 
16 snow, 29 crystals, technical, spray grade, C. P., and so on, there is 
probably no real difference in the resulting spray. Convenience or the 
local supply probably determined the choice. Practically everyone used 
hydrated lime, 70 out of 77. Only three regularly used stone lime but 
the most important figure may he the 20 denoting the small number 
who, while using hydrated lime, adjusted to an equivalent of 4 pounds 
of calcium oxide. This means that early data reported on Bordeaux 
on the basis of 4 pounds of calcium oxide or equivalent and recent data 
by others (2, 11) is in reality on the basis of different amounts of 
active agents when compared with data published by most workers. 
Moreover, as has been pointed out by Butler ( 1 ) , the difference in the 
mixing method may also result in a different spray. 

The question of high calcium or high magnesium lime was answered, 
63 for high calcium, seven for high magnesium, and three for either 
one. Of these 73, 45 had a real preference while 28 took what was 
offered for sale locally. Only 10 bother to test for free copper using 
potassium ferrocyanide, probably assuming a surplus of lime. Twenty- 
nine reported experiments just completed or in progress involving 
Bordeaux. Of those carrying on experiments, only five indicated that 
an adjustment to a calcium oxide equivalent basis was made. 

In several cases suggestions of value were made under remarks. 
Among other things it was suggested that the formula should be ex- 
pressed in terms of 100 gallons instead of 50. Different formulae may 
be of value in special cases. We concur in the first case and recognize 
the truth of the second, We used 1- 4 50 simply as a sample formula 
to secure interpretation. 


Discussion 

This survey, involving 40 institutions well distributed, would seem 
to point out a glaring source of error in experimental results having to 
do with Bordeaux, That one in eight does not agree with the majority 
as to which figure means copper sulphate and which means some form 
of lime is especially surprising. In discussing the Bordeaux formula 
informally with several workers from different sections of the country, 
there seems to be a very provincial feeling about the formula's 
interpretation. 

It is apparent^ that most workers are using the hydrated lime be- 
cause it is so easily obtained and requires no slaking before use. How- 
ever, the general disregard of the meaning of the original formula 
makes for considei-able confusion in the interpretation of results. Some 
investigators (5, 11) have assumed spray injuries from Bordeaux to 
be due to free copper. Shutak and Christopher (8), Horsfall (3), and 
others have noted serious injury due to lime. Southwick and Childers 
(9) have data to indicate interference with carbon dioxide assimilation 
by high lime. 

Bordeaux mixture at best is a very complex material. After very 
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careful studies, Wilcoxon and McCallan (11) describe it as '^an 
adsorption complex, or a solid solution containing copper, lime, and 
sulphate, the copper of which is soluble in water to an extent which 
varies with its composition''. They report low lime as giving a greater 
initial copper content in solution, a more rapid increase in soluble 
copper, and a more rapid loss of total copper. It has been pointed out 
by McCallan and Wilcoxon (6) that fungicidal action is related to the 
amount of copper soluble and not to total available. The quantity of 
lime used in the formula apparently has its influence on the amount 
soluble and the time at which the greatest amount accumulates. 

Wilson and Runnels (10) noted a difference in the effect of cal- 
cium and magnesium limes. They report magnesium lime as less able 
to prevent copper injury to coleus plants than similar amounts of 
calcium lime. They also report different transpirational effects from 
methods of mixing and copper lime ratios. 

It would seem from these survey data and the experimental evidence 
available that a uniform interpretation of Bordeaux fonnula would be 
very desirable. Only in that way can results be considered comparable. 
The excellent start by members of the Phytopathological Society to- 
ward a uniform method for toxicity tests and a comparison of copper 
sprays on the basis of copper per acre deserves commendation. It 
would seem, however, that the matter should be carried further to 
include collaboration with the horticulturists and physiologists on 
matters of lime and mixing. Certainly all results involving the use of 
Bordeaux should include a definite statement as to formula inter- 
pretation and mixing methods. It might also be advisable to standardize 
on a formula for 100 gallons since most other sprays are spoken of 
in that way. 

Conclusion 

It is apparent that much of the conflicting data on the influence of 
Bordeaux sprays may be attributed to the use of different materials and 
combinations. Standardized formula and methods would seem desir- 
able. An effort should be made by the various societies involved to 
bring about standardization and careful explanation of materials used 
in experimental work. 
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The Toxicity of Certain Spray Chemicals to the 
Roots of Apple, Grape, Rye, and Corn 

By N. F. Childers, Ohio Experiment StatioUj Wooster, Ohio 

Abstract 

This paper will be published in full in the Ohio Experiment Station Bimonthly 
Bulletin. 

D elicious apple seedlings were grown in potted soil which con- 
tained either lead arsenate, lead chloride, or sodium arsenate. The 
arensic in lead arsenate appeared to be more toxic to the roots o£ apple 
than the lead. Thus, 20 parts per million of arsenic in the form of 
sodium arsenate had a slight stimulating effect on growth of tops and 
roots, but 60, 80, 100 and 160 parts per million caused progressively 
less growth. Most of the plants died in soil containing 100 and 160 
parts per million of arsenic. However, soil containing lead as lead 
chloride at the same concentrations caused little or no reduction in 
growth even at 160 parts per million when compared with the checks. 
Arsenic in the form of lead arsenate was less toxic to the roots at a 
given concentration than arsenic in the form of sodium arsenate. 
Further tests have been made with rye, apple and grape which were 
grown in gravel and supplied with full nutrient solutions pumped to 
them automatically twice a day. Arsenic as sodium arsenate, lead as 
lead chloride, and copper as copper sulphate were added to the nutrient 
solutions in various concentrations. Arsenic appeared to be more toxic 
to the grape than to rye and apple. There was a slight stimulating effect 
of 20 parts per million of arsenic to apple and rye but a marked 
depressing effect occurred in case of the grape. Fifty and 200 parts 
per million of lead in the nutrient solution caused no effect or a slight 
increase in growth of both apple and grape. The grape tolerated more 
copper in the solution than the apple. There was a progressive decrease 
in growth of both apple and grape, however, when copper was in- 
creased at intervals of 5 from 10 to 30 parts per million. Very poor 
growth was obtained at 30 parts per million of copper. 

In the higher concentrations of arsenic grape leaves, especially at 
the tip of the shoots, turned yellow except for the veins which re- 
mained green. The internodes were shorter and terminal buds formed 
earlier. About the same held true for the apple except that the lower 
leaves on a shoot turned yellow first and dropped. Apple leaves on such 
plants were usually thinner and somewhat flacid. 

Corn often grows poorly for a few years on land which has been 
cleared of an old orchard. Tests carried out in the greenhouse with 
potted corn plants show that there are reductions in growth of stalks 
and size of ears when arsenic as sodium arsenate was increased from 
5 to 100 parts per million. At concentrations of 80 and 100 parts per 
million of arsenic the kernels rarely developed. The leaves on corn 
plants which were growing in high concentrations of arsenic in the 
soil showed yellowish areas which ran parallel with the greener veins. 
The internodes on such plants were shorter and the tassels and silks 
appeared later. 
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Common Spray Materials Alter the Internal Structure 
of Apple Leaves^ 

By Wm. F. Pickett and C. J. Birkeland, Kansas Agricultural 
Experiment Station, Manhattan, Kans, 

I N 1932, a project was organized at the Kansas Agricultural Experi- 
ment Station for the purpose of studying the internal structure of 
apple leaves. In 1933, Pickett (1) stated that certain varieties of apple 
leaves differed in their internal structure when measurements were 
made from permanently mounted cross sections. His studies in 1934 
(2) indicated that apparent photosynthetic activity and internal struc- 
ture of apple leaves are correlated. Leaves with the more extensive 
internal space were more active in carbon assimilation than leaves with 
a more compact internal structure. This was observed when different 
leaves of the same variety were compared as well as when two or more 
varieties were used. 

The chlorophyll content of York and Wealthy leaves was determined 
in 1937 (3) for the purpose of obseridng the influence of the chloro- 
phyll content on the rate of photosynthetic activity. The leaves of these 
two varieties contained practically the same amount of chlorophyll a 
plus b per unit area but the Wealthy leaves possessed greater internally 
exposed surface than those of the York, and the Wealthy trees also 
made a significantly greater gain in dry matter per unit of leaf area 
than York. From the 1938 (4) studies, it was deduced that the extent 
of the internally exposed surface of apple leaves is more important 
than the chlorophyll content as a factor partially governing photo- 
synthetic activity. 


Materials and Methods 

The purpose of the studies reported in this paper was to discover 
if certain spray residues affect the ratio of the internally exposed sur- 
face to the externally exposed surface of apple leaves. The experiments 
were run in two series — one in a greenhouse and one in the field. 

Greenhouse Series : — On January 29, 1940, 22 2-year-old trees of 
each of the Wealthy and York varieties were planted in 12-inch clay 
pots and plunged into a ground bed in a greenhouse. Soon after the 
first new leaves began to appear, one-half of the trees of each variety 
were sprayed at weekly intervals with a spray composed of 2J4 gallons 
of 33 degrees Beaume liquid lime-sulfur and 4 pounds of arsenate of 
lead in 100 gallons. These applications caused no apparent injury to 
the foliage. The other trees were not sprayed. 

Shortly after the ninth spray application, five leaves were collected 
from each tree. The leaves selected were average in size for the tree 
and grew near the middle portion of the new shoots. Portions of the 
leaves near the midribs and midway between the basal and apical ends 
were selected for the microscopical study. Only one piece, about 1 by 
3 centimeters, was taken from a single leaf. 

’Contribution No. 171, Department of Horticulture. 
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Mounted sections were prepared for microscopic study. Five sets of 
slides were made for each tree, each set consisting of one slide of cross 
sections and one of tangential sections. Each set of slides was made 
from the same leaf. Two pages of camera lucida drawings at a mag- 
nification of 1760x were made from each set of slides. Each page of 
drawings included the following : One drawing of a field 50 microns 
square of each of the first, second, and third layers of palisade cells 
from a tangential slide; one drawing of a field of spongy mesophyll 
50 microns square from a tangential slide ; and one drawing of a field 
50 microns wide across the spongy mesophyll, in cross section. 

Measurements of the drawings were made with a chartometer and 
a planimeter. By using the formula developed by Turrell (5) the 
ratio, R, of the internally exposed surface to the externally exposed 
surface was calculated for each leaf collected. 

Field Series : — On March 28, 1940, 10 2-year-old trees of the York 
and Jonathan varieties and six 2-year-old Wealthy trees were planted 
outdoors. 

Beginning on May 4, 1940, one-half of the trees of each variety were 
sprayed weekly and the other half were left as unsprayed checks. The 
first six applications consisted of 2j4 gallons of 33 degrees Beaume 
lime-sulfur and 4 pounds of arsenate of lead per 100 gallons of spray, 
the next three applications were of lead arsenate alone at the above 
strength, and the last five applications consisted of lead arsenate plus 
2 per cent summer oil emulsion. 

On August 5, representative leaves were collected, killed, fixed, and 
^nbedded, using the same method as with the greenhouse grown 
leaves. Likewise, the same procedure was followed for making the 
drawings and calculations of the R values. 


Presentation of Data 

Greenhouse Grown Leaves : — ^As shown in Table I, the Wealthy 
leaves had greater values than the York leaves in these characteristics : 
(a), R value; (b), depth of palisade tissue; and (c), diameter of cells 
in the first layer of the palisade tissue. The York leaves had the greater 
number of cells in the first layer of the palisade tissue per unit of 
leaf area. 

Within each variety the sprayed leaves had: (a), A smaller R 
value ; (b) , less depth of palisade tissue ; (c) , smaller average diameter 
of the cells in the first layer of the palisade ; and (d) , a greater average 
number of cells in the upper layer of the palisade per unit of leaf area. 


TABLE I— -Average Measurements op Greenhouse Grown Leaves (1940) 
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An analysis of variance shows that the variance between the varieties 
was highly significantly greater than the variance within either variety 
for (a), R value; (b), depth of palisade tissue; (c), diameter of cells 
in the first layer of the palisade; and (d), number of these cells per 
unit of leaf area. This indicates that the mean differences in these 
characteristics were due to varietal differences rather than to tree 
variation within the varieties. The variance between the sprayed and 
unsprayed leaves was highly significantly greater than the variance 
between leaves of individual trees indicating that the mean differences 
were due to the sprays rather than to tree variation. The unsprayed 
leaves had a significantly greater R value than the sprayed leaves. 

The variance between depths of the palisade tissues indicates that 
the differences between varieties and also between the sprayed and 
unsprayed foliage were highly significant. The unsprayed foliage con- 
tained deeper or thicker palisade tissue than the sprayed leaves, and 
likewise, the unsprayed leaves possessed a highly significantly smaller 
munber of cells in the first layer of the palisade tissue per unit of leaf 
area than the spi'ayed specimens. The cross diameter measurements 
of the first layer of the palisade cells in the unsprayed leaves were 
highly significantly greater than in the sprayed samples. 

Field Leaves : — ^The measurements for the field grown leaves are 
presented in Table II. 

The data in Table II show the Wealthy leaves possessed the greatest 
R value. The York leaves were lowest in this value, and the Jonathan 
leaves were intermediate. The same ranking applies to the depths of 
the palisade tissue. Within each variety, the unsprayed foliage showed 
a higher R value, the palisade tissue was deeper, the diameters of the 
first layer of palisade cells were smaller, and there were a greater 
number of palisade cells in the first layer per unit of leaf area than in 
the sprayed leaves. These values are averages based on measurements 
of 260 pages of camera lucida drawings from the 6 Wealthy, 10 Jona- 
than, and 10 York trees used in this experiment, or 10 sets of draw- 
ings for the foliage of each tree. 

An analysis of variance for the R values reveals that the variance 
between varieties was significantly greater than the variance between 
trees. The variance between the sprayed and unsprayed leaves was 
significantly greater than the variance between trees, indicating that 
the mean differences found were due to the spraying rather than to tree 
variation. The same statements apply to the depth of the palisade 
tissues. 


TABLE II— Average Measurements of Field Grown Leaves (1940) 


Variety 

Treatment 

R 

Value 

Depth of 
Palisade 
Ti^ue 
(Microns) 

Diameter of 
Cells in First 
Layer of Pali- 
sade Tissue 
(Microns) 

Number of Cells 
in First Layer 
of Palisade 
Tissue Per 2500 
Square Microns 
of Leaf Area 

Wealthy 

Wealthy 

Jonathan 

Jonathan 

York 

Not sprayed 
Sprayed, 

Not sprayed 
Sprayed 

Not sprayed 
Sprayed 

15.30 

11.96 

13.54 

10.26 

11.63 

7.71 

117.08 

103.64 

99.60 

83,29 

83.35 

60.93 

1 10.24 

' 8.20 

9.34 

7.81 

9.64 

8.25 

31.57 

35.93 

36.72 

37.52 

36.78 

37.06 

York 
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An analysis of variance of the average diameters of tlie first layer 
of palisade cells shows no significant difference between the varieties. 
However, the variance between the treatments was highly significantly 
greater than the variance between the trees, and apparently the differ- 



Fig. 3. Tangential sections of Wealthy apple leaves. Spongy mesophyll in 
(A) unsprayed, (B) sprayed specimens. Normal cell appearance in un- 
sprayed leaf may be observed. 
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ences were clue to the spraying instead of variation between the trees. 
When the average nnml)er of first layer palisade cells per unit of area 
is considered, the variance between the varieties was highly signifi- 
cantly greater than the variance between the trees. The sprayed leaves 
had a highly significantly larger number of upper layer palisade cells 
per unit area than the unsprayed leaves. ^ 

The correlation and regression coefficients calculated from covari- 
ance in which the R values and depths of the palisade tissue for all 
varieties, for both the sprayed and unsprayed leaves, and for both the 
greenhouse grown and field grown leaves were used are +.9S4 and 
7.58 respectively. This is of interest because the calculation of the R 
value may be greatly simplified. Instead of making a great number of 
difficult measurements and calculations as is necessary with Turrell’s 
(5) formula, the R value may now be computed directly from direct 
microscopic measurements of the depth of the palisade tissue. 

Illustrations of some repi-esentative leaves are presented in Figs. 
1 to 3 inclusive. 

Interpretation of Results 

According to the cited studies at the Kansas Station, the extent of 
the internally exposed surface of leaves of certain apple varieties is 
important among the factors which condition the rate of photosyn- 
thesis. The data presented in this paper show that the ratio of the 
internally exposed surface to the external surface of both greenhouse 
grown and field grown apple leaves is reduced by the repeated appli- 
cations of certain spray materials. 

In an unpublished Master’s thesis, A. L. Kenworthy at the Kansas 
Station in 1939 reported that approximately 85 per cent of the inter- 
nally exposed surface of apple leaves is found in the palisade tissue. 
This is in agreement with the present study. The presence of certain 
spray residues on the foliage results in a greatly altered palisade tissue, 
and it seems logical that this may account for the greatly reduced 
amount of internally exposed surface in the sprayed leaves. 

It seems to be justifiable, therefore, to conclude that part of the 
reduction in photosynthetic activity resulting from repeated appli- 
cations of certain spray materials may be due to the changes brought 
about in the internal structure of the leaves. 
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The Influence of Excess Water in the Soil on 
Transpiration and Apparent Photosynthesis 
of Young Apple Trees 

By N. F. Childers, D. G. White, and F. W. South wick, 

Ohio Experiment Station, Wooster, Ohio 

Abstract 

This paper will be published in full in Plant Physiology, 

T ranspiration and apparent photosynthesis of young Stay- 
man-Winesap trees were determined before and after excess water 
was added to the soil in which the test trees were growing. Check trees 
were watered regularly but not in excess. All trees were grown in the 
greenhouse before they wei“e placed under test. The Heinicke-Hoffman 
apparatus for measuring transpiration and carbon dioxide assimilation 
was employed. Two series of determinations were performed on a 
total of six trees in the environment-control chamber and two series 
of experiments were performed outside the greenhouse on a total of 
five trees. In the chamber the temperature was constant at 85 degrees 
F in one experiment and 80 degrees F in another, relative humidity at 
SO per cent, and light averaged from 2000 to 5000 foot candles at the 
surface of the test and check leaves. 

Apparent photosynthesis and transpiration usually showed some- 
what similar reductions after the soil was flooded. In the chamber 
experiments a reduction of 10 to 40 per cent occurred in both processes 
within 6 to 9 days. Two trees showed significant reductions the first 
day after flooding. Reductions of 25 to 95 per cent resulted after 
flooding for a total of 15 and 30 days. When excess water was drained 
at the time of greatest reduction in leaf activity, there usually was 
a trend to recovery within 4 to 6 days. Subsequently, both processes 
remained completely recovered, or, as in some cases, showed a trend 
downward again even though the soil was not in a flooded condition. 

With trees flooded outside of the greenhouse the reductions in leaf 
activities varied considerably depending mainly upon the evaporating 
power of the air and the intensity of sunlight. One tree in July showed 
a marked reduction in photosynthesis and transpiration by the second 
day after flooding and by 8 days showed a 75 per cent reduction. 
Marginal and tip burning occurred on the leaves and the experiment 
was discontinued. Photosynthesis and transpiration of another tree 
showed reductions of 35 per cent in 9 days. The soil was drained and 
recovery occurred within 5 days. Ninety per cent or larger, reductions 
occurred within 15, 18 and 26 days, respectively, for three other test 
trees flooded from late September to late October. 

Symptoms of leaf injury in all experiments first appeared on the 
lower leaves and progressed acropetally. Abscission of two to four 
leaves often occurred before termination of the experiments. Leaves 
on trees flooded in late June in the chamber developed light green areas 
between the veins. The foliage wilted and drooped from the outer ends 
of the petioles. The petioles did not droop, however. Leaves on trees 
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flooded in November in the chamber showed only a greater develop- 
ment o£ anthocyanin pigment by the termination of the experiment. 

Leaves on trees flooded outdoors in July showed similar injury to 
those flooded in late June in the chamber. Leaves on trees flooded from 
late September to late October outdoors were slower in developing 
injury. Lower leaves showed yellowish red splotches which finally 
became necrotic. They also curled upward at the margins but did not 
droop. Upper leaves appeared similar to the checks except for the 
presence of considerable anthocyanin pigment. 

A Leitz “Ultrapak” microscope was used to observe daily stomatal 
behavior over a 3-day period in an experiment in the chamber. No 
apparent differences in opening of stomata were found between flooded 
and check trees, although photosynthesis and transpiration during 
this period showed reductions of about 85 per cent. 

The roots of plants used in two series of experiments were washed 
free of soil at the end of the determinations. The only outstanding 
external difference between the flooded and check roots was the ap- 
pearance of several short, rather stubby, white roots on or near the 
main root stocks of the treated trees. 



The Effect of Leaf hopper Injury on the Rates of 
Apparent Photosynthesis and Transpiration 
of Stayman Winesap Apple Leaves 

By N. F. Childers, Ohio State University, Columbus, Ohio, 

G. E. Marshall, Purdue Univei^sity, Lafayette, Ind., and 
H. W. Brody, Ohio State University, Columbus, Ohio 

Abstract 

This material will be published in full in the Journal of Agricultural Research. 

A SERIES of experiments are in progress at Ohio State and Purdue 
Universities in which measurements are being made on the effect 
of leafhopper injury on the rates of apparent photosynthesis and trans- 
piration of apple leaves. An experimental orchard at Orleans, Indiana, 
where a variety of leafhopper studies are under way, is used as a 
convenient source of leafhoppers. The insects are shipped by Special 
Delivery to Ohio, where they are caged over apple shoots outdoors, 
in the greenhouse, or in the environment-control chamber in the Horti- 
culture Building. The rates of photosynthesis and transpiration are 
measured by the Heinicke and Hoffman method before and after 
insect feeding. The insects are permitted to feed on one group of leaves 
while another group is maintained as an uninjured check. 

In a typical experiment 100 leaflioppers per leaf were caged over a 
Stayman Winesap whip and permitted to feed for 3 days. This treat- 
ment, which consisted of 7,200 "‘leafhopper-hours’* per leaf, resulted in 
a reduction of 23.2 per cent in the rate of photosynthesis and 15.8 per 
cent in the rate of transpiration. It can be inferred from these data that 
300 leafhoppers per leaf (assuming an area of 50 square centimeters 
for each of the leaves) would cause a reduction of 1 per cent in the 
rate of photosynthesis and ^ per cent in the rate of transpiration in 
the first hour. An additional 9600 leafhopper-hours caused a further 
reduction of 7.6 per cent in photosynthesis and 12.7 per cent in transpi- 
ration. Further data in this and other experiments bear out the appar- 
ent ‘‘break” in the curve when these results are plotted, and it was 
not until very severe injury was affected that further marked reduc- 
tions occurred. Continued feeding eventually gave the entire leaf sur- 
face a greenish-yellow appearance and reduced photosynthesis 72,0 
per cent and transpiration 50,9 per cent. 

When 1940 field populations of leafhoppers vrere reproduced on 
experimental leaves in the chamber, the data indicate that at a point 
corresponding to May 17 in the field in Southern Indiana the rate of 
photosynthesis was reduced 16.5 per cent and transpiration 4.9 per 
cent. At a point corresponding to June 25, photosynthesis and transpi- 
ration were reduced 19,2 and 13.8 per cent respectively, and by July 
26, they were reduced 27.1 and 12.9 per cent respectively. It is impor- 
tant that this injury, most of which occurs early in the season, is 
permanent on a given leaf, and that the injured area cannot be 
expected to recover later in the season, even though the insects are 
eventually brought under control. 
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Compilation of Data on Nut Weight and Kernel 
Percentage of Black Walnut Selections 

By L. V. Kline and S. B. Chase, Tennessee Valley Authority, 
Norris, Tenn, 

A SUSTAINED interest in the eastern black walnut, Juglans nigra 
L., as a crop tree has been maintained over a period of at least 
30 years by the Northern Nut Growers Association and other workers, 
and consequently, a considerable number of selections of this species 
has been reported. However, descriptions of the nut characteristics of 
particular selections are not readily available in convenient form. It is 
the purpose of this paper to present a compilation of data found in the 
literature and to report additional data collected during the last 4 years. 

In seeking for selections of high quality whose adaptability to the 
Tennessee Valley region might be tested with the ultimate purpose of 
establishing suitable varieties, it became necessary to review the data 
on available selections and to secure nut samples for further study.^ 
The review of previously published data should be useful to workers 
seeking better selections for their respective regions. The new data 
resulting from the study of nut samples secured for further observation 
adds materially to information on variation in selections from 3^ear to 
year. It is hoped that this compilation may stimulate the reporting of 
hitherto unpublished black walnut data. 

The compilation of data is presented in tabular form and includes 
335 entries on 212 selections. Selection represents the name or desig- 
nation of the black walnut selection as it appears in the literature, 
except that in the case of previously unpublished data, a selection name 
has been assigned. Nut Weight is reported as the average weight in 
grams per nut. Kernel Percentage is 

Weight of kernel X 100 
Weight of whole nut 

Since no entirely satisfactory method of describing cracking quality of 
the nut in numerical terms has yet been devised, and since some 
workers did not report this feature of the nut on a uniform basis, data 
on cracking quality are omitted. Source of Nuts is given as the state in 
which the tree furnishing the nut sample was located. In most cases 
this source represents the original tree, since samples from several 
sources are reported only for Asbury, Creitz, Edras, Grundy, Mintle, 
Myers, Ohio, Stabler, Stambaugh, Ten Eyck, Thomas, Todd, and 
Vandersloot. Where more than one source is given, the first source 
listed represents the original tree, except for the horticultural varieties 
Ohio, Stabler, and Thomas, where all the samples are from grafts. 
Crop Year is self-explanatory. Worker is the person or agency which 
reported the data. Most of these data result from nut contests spon- 
sored by the Northern Nut Growers Association and from tests and 
follow-up w^ork of its members. 

^Acknowledgment is made to all persons who cooperated by supplying nut 
samples. 
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Selection 

Nul 

Weight 

(Grams) 

Kernel 

Per- 

cent- 

Source 

of 

Nuts 

Crop 

Year 

Worker 

Adams 

14.5 

26.2 

Mich. 

1929 

Bixby ('4)t 

Adams 

11.6* 

24.56 

Mich. 

1930 

Reed (il) 

Adams 

10.6 

25.1 

Mich. 

1936 

T.V.A. 

Adams, Lucille 18.9 

20.6 

Mich. 

1929 

Bixby (4) 

Aldred 

18.6 

16.7 

Ont. 

1929 

Bixby (4) 

Allen 

13.3* 

23.86 

Mich. 

1931 

Reed” (11) 

Allen 

15.0 

27.0 

Mich. 

1939 

T.V.A. 

Allen, J. E. 

11.1 

17.1 

Ont. 

1929 

Bixby (4) 

Alley 

9.9 

24.8 

N. Y. 

1918 

Bixby (1) 

Alley 

11.1* 

25.57 

N. Y. 

1931 

Reed (11) 

Alley 

10.7 

27.7 

N. Y. 

1937 

T.V.A. 

Alley, A.A. 
Armknecht 

15.8 

20.9 

N. Y. 

1919 

Bixby (2) 

No. 1 

Armknecht 

28.9 

23.9 

Iowa 

1918 

Bixby (1) 

No. 2 
Arnold 

28.0 

20.3 

Iowa 

1918 

Bixby (1) 

Arboretum 

6.1 

14.8 

N. Y. 

1919 

Bixby (2) 

Asbury 

29.6 

28.0 

Ky. 

1926 

Bixby (3, 4) 

Asbury 

23.7 

15.2 

N. Y. 

1937 

MacDaniels (10) 

Atkins 

16.3 

28.2 

Ind. 

1926 

Bixby (3) 

Attoway 

20.0 

27.5 

Va. 

1934 

T.V.A. 

Axline 

19.8 

27.4 

Ohio 

1939 

T.V.A. 

Aygam 

28.4 

20.9 

Va. 

1939 

T.V.A. 

Baird 

23.1 

20.4 

N. Y. 

1937 

MacDaniels (10) 

Baker 

31.8 

19.5 

Ind. 

1929 

Bixby (4) 

Beck 

12.3* 

33.08 

N. Y. 

1930 

Reed (11) 

Belleville 

20.8 

27.4 

Pa. 

1938 

T.V.A. 

Benge 

28.4 

22.1 

Texas 

1937 

T.V.A. 

Benton 

15.3 

27.58 

N. Y. 

1934 

Drake (6) 

Benton 

14.38 

26.1 

N. Y. 

1934 

MacDaniels (9) 

Benton 

18.2 

24.6 

N. Y. 

1937 

MacDaniels (10) 

Bethel 

23.9 

25.2 

Ohio 

1939 

T.V.A. 

Betty Lou 

17.16 

27.03 

Mo. 

1932 

Drake (6) 

Biggs 

13.7 

27.0 

Ind. 

1926 

Bixby (3, 4) 

Biggs 

21.5 

23.8 

Ind. 

1938 

T.V.A. 

Blackburn 

14.8 

29.7 

Md. 

1918 

Bixby (1) 

Bliss 

10.9 

31.9 

Md. 

1939 

T.V.A. 

Bloss 

13.7* 

24.4 

Ind. 

1934 

Reed (11) 

Bloss 

13.4 

27.3 

Ind. 

1937 

T.V.A. 

Bomberger 

16.4 

23.8 

Pa. 

1919 

Bixby (2) 

Bontz 

16.2 

28.0 

111. 

1926 

Bixby (3) 

Booth 

18.13 

31.21 

Va. 

1931 

Drake (12) 

Booth 

15.6* 

31.64 

Va. 

1931 

U.S.D.A. (12) 

Bowman 

34.9* 

23.53 

Va. 

1931 

U.S.D.A. (12) 

Broughman 

15.53 

27.62 

Va. 

1931 

Drake (12) 


♦Nut weight adjusted from data reported as number of nuts per pound. 
** Average of samples from same tree, 
tNumbers in parenthesis refer to literature cited. 
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Selectio7i 

Nta 

Weight 

(Grams) 

Kernel 

Per- 

cent- 

Source 

of 

Nuts 

Crop 

Year 

Worker 

Broughmaii 

15.1* 

29.87 

Va. 

1931 U.S.D.A. (12) 

Btirke 

19.73 

26.35 

Mo. 

1930 Drake (5) 

Bums 

16.4 

26.6 

Iowa 

1936 Lounsberry (7) 

Burton 

26.2 

23.7 

Ky. 

1926 Bixby (3, 4) 

Burton 

30,7 

25.8 

Ky. 

1938 T.V.A. 

Burton No. 1 

23.4 

17.1 

Ky. 

1929 Bixby (4) 

Burton No. 2 

18.6 

21.0 

Ky. 

1929 Bixby (4) 

Bybee 

23.06 

24.4 

Ky. 

1939 T.V.A. 

Caldwell 

22.62 

23.42 

Va. 

1931 Drake (12) 

Calhoun No. 1 

15.8 

28.9 

Mich. 

1939 T.V.A. 

Campbell 

22.8 

21.5 

Ark. 

1929 Bixby (4) 

Cargill 

16.9 

20.1 

N. Y. 

1934 MacDaniels (9) 

Cargill 

12.8 

23.3 

N. Y. 

1937 MacDaniels (10) 

Clark 

17.42 

29.27 

Minn. 

1934?Drake (6) 

Climax 

14.6 

29.5 

Mich. 

1938 T.V.A. 

Cochrane 

16.6 

32.4 

Wis. 

1938 T.V.A. 

Coe 

15.1 

25.8 

N. Y. 

1934 MacDaniels (9) 

Coe 

11.8 

18.0 

N. Y. 

1937 MacDaniels 00) 

Cold Stream 
No. 14 

11.0 

20.0 

B. C. 

1929 Bixby (4) 

Cooper 

27.97 

30.49 

Ark. 

? Drake (6) 

Creitz 

14.5 

27.6 

Ind. 

1926 Bixby (3) 

Creitz 

17.11 

30.04 

Ind. 

1930 Drake (5) 

Creitz 

17.69 

28.45 

Ind. 

1932 Drake (6) 

Creitz 

19.4 

20.1 

N. Y. 

1937 MacDaniels (10) 

Creitz 

19.2 

23.5 

N. Y. 

1937 MacDaniels (10) 

Creitz 

17.4 

29.2 

Ark. 

1938 T.V.A. 

Cresco 

13.0* 

29.18 

Iowa 

1930 Reed (11) 

Dougherty 

16.9 

26.63 

Mo. 

1930 Drake (5) 

Dougherty 

19.5 

23.2 

Mo. 

1939 T.V.A. 

Doyle 

15.6 

24.4 

Mich. 

1929 Bixby (4) 

Drake 

17.7 

24.3 

Ohio 

1926 Bixby (3) 

Durham 

17.8 

29.2 

Iowa 

1929 Bixby (4) 

Durham 

16.4 

32.56 

? 

1930 Drake (5) 

Edgewood 

15.49 

28.95 

Ark. 

1930 Drake (5) 

Edras 

IS.l 

33.7 

Iowa 

1926 Bixby (3. 4) 

Edras 

15.16 

32.78 

Iowa 

1930 Drake (5) 

Edras 

15.07 

32.31 

Ark. 

1931 Drake (6) 

Edras 

14.8 

24.8 

N. Y. 

1937 MacDaniels (10)= 

Edras 

16.6 

29.1 

Ark. 

1938 T.V.A. 

Ellis 

13.14 

31.81 

Mo. 

1930 Drake (5, 6) 

Emerson 

18.0 

20.1 

N. Y. 

1937 MacDaniels (10)= 

Fellows 

15.6 

28.1 

N. Y. 

1934 MacDaniels (9) 

Finnegan 

11.1 

30.2 

Ind. 

1939 T.V.A. 

Freel 

19.3 

31.6 

Iowa 

1929 Bixby (4) 

Fritz 

11.5 

28.7 

Ohio 

1926 Bixby (3) 


*Nut weight adjusted from data reported as number of nuts per pound. 
’’'♦Average of samples from same tree, 
tNumbers in parenthesis refer to literature cited. 
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Selection 

Nut 

Weight 

{Grams) 

Kernel 

Per- 

cent- 

age 

Source 

of 

Nuts 

Crop 

Year 

Worker 

Fyre 

38.0 

22.9 

N. C. 

1929 Bixby (4) 

Galena 

17.37 

25.5 

Mo. 

1930 Drake (5) 

Garrett 

26.1 

22.5 

Ky. 

1938 T.V.A. 

Garrett 

22.0 

20.9 

Ky. 

1939 T.V.A. 

Gieske 

34.6 

19.5 

Tenn. 

1939 T.V.A. 

Gilman 

13.2 

32.5 

Iowa 

1936 Lounsberry (7) 

Gilman 

19.3 

27.3 

Iowa 

1938 T.V.A. 

Graybill 

16.06 

26.96 

Va. 

1931 Drake (12) 

Graybill 

16.2* 

25.0 

Va. 

1931 U.S.D.A. (12) 

Green Forest 

13.01 

25.59 

Mo. 

1930 Drake (5) 

Greentree 

20.1 

18.7 

Ala. 

1939 T.V.A. 

Gregory 

20.7 

23.7 

Va. 

1929 Bixby (4) 

Grundy 

21.1 

26.6 

Iowa 

1929 Bixby (4) 

Grundy 

13.0* 

31.66 

Iowa 

1931 Reed (11) 

Grundy 

15.59 

28.8 

Iowa? 

1930 Drake (5, 6) 

Grundy 

16.0 

14.6 

N. Y. 

1937 MacDaniels (10) 

Grundy 

22.8 

28.2 

Ark. 

1938 T.V.A. 

Haag 

16.8 

22.6 

Ind. 

1929 Bixby (4) 

Hare 

20.4 

27.0 

111. 

1926 Bixby (3, 4) 

Hare 

23.1 

29.7 

111. 

1938 T.V.A. 

Harney 

19.7 

32.6 

Ky. 

1939 T.V.A. 

Harris 

17.29 

26.6 

Mich. 

1930 Drake (5) 

Hartford 

26.0 

26.9 

Ky. 

1938 T.V.A. 

Henegar 

23.1 

21.8 

Ala. 

1938 T.V.A. 

Henegar 

21.8 

22.0 

Ala. 

1939 T.V.A. 

Hepler 

14.29 

31.28 

Mich. 

? Drake (6) 

Hicks 

13.6 

22.8 

N. Y. 

1919 Bixby (2) 

Hilton 

18.1* 

21.12 

N. Y. 

1933 Reed (11) 

Hilton 

16.2 

18.6 

N. Y. 

1937 MacDaniels (10) 

Hobbs 

25.3 

27.2 

Va. 

1926 Bixby (3, 4) 

Homann 

26.2 

22.9 

Iowa 

1918 Bixby (1) 

Homeland 

24.4 

27.04 

Va. 

1931 Drake (12) 

Homeland 

25.2* 

12.30 

Va. 

1931 U.S.D.A. (12) 

Hopwood 

22.4 

24.1 

111. 

1926 Bixby (3, 4) 

Hopwood 

15.4 

28.6 

111. 

1938 T.V.A. 

Horton 

(Meyers) 

23.91 

30.44 

Iowa 

? Drake (6) 

Hostetter 

17.3 

26.0 

Pa. 

1929 Bixby (4) 

Huber 

15.96 

34.33 

Wis. 

1930 Drake (5, 6) 

Huber 

14.1 

32.8 

Wis. 

1938 T.V.A. 

Hunter 

24.3 

26.7 

Mo. 

1929 Bixby (4) 

Impit 

19.2 

25.5 

B. C. 

1929 Bixby (4) 

Impit 

18.01 

22.32 

B. C. 

1929 Drake (5) 

Impit 

19.3 

24.8 

B. C. 

1936 T.V.A. 

Jim Lang 

21.5 

28.8 

Iowa 

1936 Lounsberry (7) 

Jordon 

22.46 

26.89 

Mo. 

1929?Drake (5) 


*Nut weight adjiasted from data reported as mirnber of nuts per pound. 
••^Average of samples from same tr^. 
tNumbers in parenthesis refer to literature dted. 
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Selection 

Nui 

Weight 

(Grams) 

Kernel 

Per- 

cent- 

age 

Source 

0/ 

Nuts 

Crop 

Year 

Worker 

Kautz 

31.8 

22.7 

Ohio 

1939 T.V.A. 

Kelling 

19.4 

32.4 

Iowa 

1926 Bixby (3, 4) 

Kelling 

22.09 

25.84 

? 

? Drake (5) 

Kenney 

26.6 

23.3 

Ky. 

1939 T.V.A. 

Ketchnm No. 9 20.1 

23.4 

Ohio 

1919 Bixby (2) 

Ketchum 

No. 10 

14.1 

25.5 

Ohio 

1919 Bixby (2) 

Kettler 

13.9 

32.5 

Wis. 

1937 T.V.A. 

Kiefer 

25.4 

23.6 

Ky. 

1918 Bixby (1) 

Kingery 

24.61 

28.03 

Va. 

1931 Drake (6, 12) 

Kirkpatrick 

21.6 

21.8 

Tenn. 

1926 Bixby (3) 

Kirkpatrick 

24.4 

20.3 

Tenn. 

1938 T.V.A. 

Kirkpatrick 

17.3 

19.0 

Tenn. 

1939 T.V.A. 

Knapke 

18.9 

29.1 

Ohio 

1926 Bixby (3, 4) 

Kom 

15.0 

30.8 

Pa. 

1937 T.V.A. 

Kom 

17.2 

28.9 

Pa. 

1938 T.V.A. 

Kom 

16.7 

29.8 

Pa. 

1939 T.V.A. 

Lamm 

20.7 

25.1 

111. 

1929 Bixby (4) 

Lang 

20.5 

22.4 

Ohio 

1919 Bixby (2) 

Lawrence 

19.18 

24.5 

Mo. 

1929?Drake (5) 

Learn 

16.9 

23.1 

Ont. 

1929 Bixby (4) 

Learn 

17.9 

24.7 

Ont. 

1937 T.V.A. 

Lee 

19.0 

27.1 

Va. 

1931 Drake (12) 

Lee 

20.6* 

26.47 

Va. 

1931 U.S.D.A. (12) 

Lenoir 

25.4 

22.1 

Tenn. 

1938 T.V.A. 

Lindatier 

12.6 

23.8 

111. 

1926 Bixby (3) 

Lisbon 

20.2 

28.6 

Ohio 

1939 T.V.A. 

Lonestar 

25.1 

23.5 

Texas 

1939 T.V.A. 

Lucas 

16.1 

29.2 

Ind. 

1926 Bixby (3) 

Lutz 

26.4 

24.6 

N. C. 

1918 Bixby (1) 

MacDonald 

18.0 

29.4 

Iowa 

1936 Lounsberry (7) 

Marion 

22.8 

26.5 

Iowa 

1929 Bixby (4) 

Marion 

16.6 

28.31 

? 

? Drake (5) 

Mark 

15.8 

25.3 

Ohio 

1926 Bixby (3, 4) 

Mark 

15.2 

24.9 

Ohio 

1937 T.V.A. 

Mark 

15.1 

24.5 

Ohio 

1939 T.V.A. 

Mark, C. E. 

14.1 

19.9 

Ohio 

1929 Bixby (4) 

Martin 

20.9 

25.7 

Iowa 

1939 T.V.A. 

McCiaren 

29.2 

22.9 

Tenn. 

1939 T.V.A. 

McMillen 

21.46 

28.23 

Mich. 

? Drake (6) 

McPherson 

18.25 

25.7 

N. Y. 

1934 MacDatiiels (9) 

Metcalf 

19.0 

25.2 

Iowa 

1929 Bixby (4) 

Metcalf 

21.07 

22.72 

? 

? Drake (5) 

Meyers Bros. 

24.4 

26.6 

Md. 

1926 Bixby (3) 

Mintle ’ 

17.2 

30.8 

Iowa 

1929 Bixby (4) 

Mintle 

12.63 

31.9 

Iowa 

1931 Drake (5) 


*Nut weight adjusted from data reported as number of nuts per pound. 
’•‘♦Average of samples from same tree. 
tNumbers in parenthesis refer to literature cited. 
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Selection 

Nut 

Weight 

(Grams) 

Kernel 

Per- 

cent’ 

Source 

of 

Nuts 

Crop 

Year 

Worker 

Mintle 

14.2 

30.56 

Iowa 

? Drake (6) 

Mintle 

8.66 

23.6 

N. Y. 

1937 MacDaniels (10)’ 

Mintle 

14.7 

31.1 

Ark. 

1938 T.V.A. 

Monterey 

24.54 

27.75 

Pa. 

1930 Drake (6) 

Monterey 

23.2 

28.9 

Pa. 

1938 T.V.A. 

Morton, L, E. 

20.1 

21.4 

Va. 

1926 Bixby (3) 

Morton, W. M. 20.3 

22.2 

N. C. 

1926 Bixby (3) 

Moses 

22.6 

19.4 

Ohio 

1929 Bixby (4) 

Myers 

7.8 

32.0 

Ohio 

1926 Bixby (3, 4) 

Myers 

11.6 

33.2 

Pa. 

1939 T.V.A. 

Niederhauser 

22.7 

29.5 

Iowa 

1936 Lounsberry (7) 

Nocka 

17.8 

29.8 

Ohio 

1939 T.V.A. 

Oakes 

17.04 

31.6 

111. 

? Drake (6) 

Ogden 

20.7 

26.6 

Ky. 

1926 Bixby (3, 4) 

Ohio 

17.3 

32.4 

? 

1929 Bixby (4) 

Ohio 

16.07 

29.24 

? 

1930 Drake (5) 

Ohio 

17.64 

28.79 

Ark. 

1932 Drakie (6) 

Ohio 

15.85 

24.7 

N. Y. 

1932 MacDaniels (8) 

Ohio 

17.15 

29.1 

Va. 

1932 MacDaniels (8) 

Ohio 

14.9 

32.9 

Iowa 

1936 Lounsberry (7) 

Ohio 

14.8 

16.6 

N. Y. 

1937 MacDaniels (10) 

Ohio 

17.0 

31.3 

Pa. 

1938 T.V.A. 

Ohio 

15.5 

30.0 

Pa. 

1938 T.V.A. 

Ohio 

18.7 

30.9 

Ark. 

1938 T.V.A. 

Ohio 

16.7 

29.4 

Pa. 

1939 T.V.A. 

Ohio 

18.1 

29.3 

Md. 

1939 T.V.A. 

Orr 

31.5 

23.6 

Ala. 

1938 T.V.A. 

Osterloh 

19.5 

25.59 

Mo. 

1929 Drake (5) 

Patterson 

15.1 

31.1 

Iowa 

1926 Bixby (3, 4) 

Patterson 

17.3 

29.48 

Iowa 

1930 Drake (5) 

Pearl 

22.7 

26.4 

Iowa 

1926 Bixby (3) 

Pella 

19.5 

30.4 

Iowa 

1938 T.V.A. 

Penticon No. 1 18.8 

22.3 

B. C. 

1929 Bixby (4) 

Penticon No. 2 16.2 

24.1 

B. C. 

1929 Bixby (4) 

Pinecrest 

22.95 

27.14 

Pa. 

1931 Drake (6, 12) 

Pinecrest 

22.7* 

27.19 

Pa. 

1931 U.S.D.A. (12) 

Plummer 

14.0 

24.3 

Mich. 

1929 Bixby (4) 

Post 

24.2 

20.0 

N. Y. 

1934 MacDaniels (9) 

Powell 

15.6 

27.2 

Tenn. 

1939 T.V.A. 

Powers 

26.5 

24.6 

W. Va. 

1926 Bixby (3) 

Pursell 

20.1 

29.4 

Iowa 

1937 Lotmsberry (7) 

Redmond 

19,55 

20.0 

N. Y. 

1934 MacDaniels (9) 

Redmond 

21.0 

21.9 

N. Y. 

1937 MacDaniels (10) 

Rice 

17.7 

26.6 

Ky. 

1938 T.V.A. 

Richterkessing 18.0 

24.4 

Mo. 

1929 Bixby (4) , 

Riehl 

19.0 

22.6 

in. 

1926 Bixby (3) 


*Nut weight adjusted from data reported as number of nuts per pound. 
♦♦Average of samples from same tree. 
fNumbers in parenthesis refer to literature cited. 
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Selection 

Nut 

Weight 

{Grams) 

Kernel 

Per- 

cent-> 

Source 

of 

Nuts 

Crop 

Year 

Worker 

Ripley No. 1 

14.3 

25.6 

Ohio 

1918 Bixby (1) 

Ripley No. 2 

15.2 

26.4 

Ohio 

1918 Bixby (1) 

Ripley, J. E. 

26.7 

23.6 

Ohio 

1919 Bixby (2) 

Robinette 

27.9 

23.7 

Va. 

1926 Bixby (3, 4) 

Rohwer 

20.4 

28.4 

Iowa 

1926 Bixby (3, 4) 

Rohwer 

18.61 

27.09 

Iowa 

1930 Drake (5, 6) 

Rohwer 

15.6 

27.9 

Iowa 

1932 MacDaniels (8) 

Rohwer 

17.9 

25.9 

Iowa 

1938 T.V.A. 

Ruddick 

17.12 

28.56 

Ark. 

? Drake (5, 6) 

Ruddick 

18.1 

25.9 

Ark. 

1937 T.V.A. 

Salvisa 

22.4 

26.8 

Ky. 

1939 T.V.A. 

Sanders 

15.6 

20.0 

Pa. 

1929 Bixby (4) 

Schimmoller 

14.4 

29.9 

Ohio 

1926 Bixby (3, 4) 

Schock 

1S.5 

27.0 

Ind. 

1926 Bixby (3) 

Scott 

32.9 

22.7 

Ky. 

1939 T.V.A. 

Shireman 

14.7 

25.2 

Pa. 

1926 Bixby (3) 

Sifford 

20.6 

32.0 

Va. 

1937 Lounsberry (7) 

Sim 

13.6 

20.6 

Ont. 

1929 Bixby (4) 

Smith 

24.7 

27.2 

Ohio 

1939 T.V.A. 

Snyder 

18.3 

27.2 

N. Y. 

1934 MacDaniels (9) 

Snyder 

16.3 

26.3 

N. Y. 

1938 MacDaniels (10) 

Snyder 

16.4 

28.0 

N. Y. 

1938 T.V.A. 

Snyder 

21.3 

24.7 

N. Y. 

1939 T.V.A. 

Speer 

39.1 

22.6 

Texas 

1938 T.V.A. 

Stabler 

16.8 

33.8 

Md. 

1926 Bixby (4) 

Stabler 

14.7 

17.0 

? 

1926 Bixby (4) 

Stabler 

17.66 

30.18 

? 

? Drake (5) 

Stabler 

14.73 

31.22 

Ark. 

1930?Drake (6) 

Stabler 

13.8 

15.1 

N. Y. 

1937 MacDaniels (10) 

Stabler 

13.9 

16.8 

N. Y. 

1937 MacDaniels (10) 

Stambatigh 

21.8 

29.8 

111. 

1926 Bixby (3, 4) 

Stambatigh 

16.35 

28.62 

111. 

1931? Drake (6) 

Stambaugh 

15.45 

23.95 

N. Y. 

1937 MacDaniels (10)' 

Stanley 

14.97 

26.25 

Va. 

1931 Drake (12) 

Stanley 

14.6* 

27.4 

Va. 

1931 U.S.D.A.(12) 

Stevens 

19.7 

29.54 

Va. 

1931 Drake (12) 

Stevens 

19.7* 

30.52 

Va. 

1931 U.S.D.A. (12) 

Stillman 

25.4 

19.3 

N. C. 

1929 Bixby (4) 

Stillman 

26.25 

21.6 

N. C. 

? Drake (5) 

Stockman 

36.7 

18.0 

La. 

1929 Bixby (4) 

Stoney Brooke 21.8 

18.3 

N. Y. 

1937 MacDaniels (10) 

Stout 

12.4 

32.2 

Ohio 

1926 Bixby (3, 4) 

Susan 

23.2 

29.43 

Mo. 

? Drake (6) 

Tasterite 

12.87 

28.05 

N. Y. 

? Drake (5, 6) 

Tasterite 

12.6* 

28.14 

N. Y. 

1930 Reed (11) 

Tasterite 

13.85 

27.1 

N. Y. 

1932 MacDaniels (8) 


*Nut weight adjusted from data reported as number of huts per pound. 
’^^Average of samples from same tree. ^ 

tNumbers in parenthesis refer to literature dted. 
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Selection 

Nut 

Weight 

Kernel 

Per- 

Source 

of 

Crop 

Year 

{Grams) 

cent- 

ag£ 

Nuts 

Worker 

Teall 

13.5 

19.3 

Ont. 

1929 Bixby (4) 

Ten Eyck 

16.7 

21.0 

N. J. 

1919 Bixby (2) 

Ten Eyck 

18.94 

27.77 

111. 

1930 Drake (5) 

Ten Eyck 

20.09 

32.55 

Ark. 

1932 Drake (6) 

Ten Eyck 

16.6 

32.5 

Iowa 

1936 Lounsberry (7) 

Ten Eyck 

14.1 

21.65 

N. Y. 

1937 MacDaniels (10)** 

Ten Eyck 

17.0 

30.3 

Pa. 

1938 T.V.A. 

Thomas 

19.7 

23.9 

Iowa 

1919 Bixby (2, 4) 

Thomas 

21.15 

29.78 

Ark. 

1930 Drake (5, 6) 

Thomas 

24.45 

22.9 

N. Y. 

1932 MacDaniels (8) 

Thomas 

20.9 

29.2 

Iowa 

1936 Lounsberry (7) 

Thomas 

18.3 

21.0 

N. Y. 

1937 MacDaniels (10) 

Thomas 

24.0 

22.1 

N. Y. 

1937 MacDaniels (10) 

Thomas 

16.7 

25.2 

N. Y. 

1937 MacDaniels (10) 

Thomas 

18.5 

26.0 

N. Y. 

1937 MacDaniels (10) 

Thomas 

16.8 

19.8 

N. Y. 

1937 MacDaniels (10) 

Thomas 

18.8 

19.0 

N. Y. 

1937 MacDaniels (10) 

Thomas 

20.3 

26.0 

Pa. 

1937 T.V.A. 

Thomas 

21.8 

25.7 

Okla. 

1937 T.V.A. 

Thomas 

18.0 

30.0 

Md. 

1938 T.V.A. 

Thomas 

18.1 

28.1 

Pa. 

1938 T.V.A. 

Thomas 

23.1 

27.3 

Ky. 

1938 T.V.A. 

Thomas 

23.7 

24.4 

Ark. 

1938 T.V.A. 

Thomas 

21.5 

22.8 

Va. 

1938 T.V.A. 

Thomas 

23.9 

27.0 

Tenn. 

1938 T.V.A. 

Thomas 

25.0 

29.0 

Pa. 

1939 T.V.A. 

Thomas 

20.9 

26.3 

Pa. 

1939 T.V.A. 

Thomas, Ind. 

22.7 

22.9 

Ind. 

1929 Bixby (4) 

Throp 

13.1 

18.3 

Ind. 

1926 Bixby (3, 4) 

Thrush 

22.6 

21.7 

111. 

1929 Bixby (4) 

Tilley 

32.2 

25.8 

N. C. 

1926 Bixby (3, 4) 

Todd 

26.75 

26.0 

Ohio 

1932 MacDaniels (8) 

Todd 

22.4 

25.0 

N. Y. 

1937 MacDaniels (10) 

Todd, W. 

14.0 

22.1 

Ont. 

1929 BLxby (4) 

Towers 

15.72 

26.6 

N. Y. 

1934 MacDaniels (9) 

Toy 

21.9 

20.5 

W. Va. 

1919 Bixby (2) 

Trebine 

23.0 

28.6 

Ohio 

1939 T.V.A. 

Troup 

19.3 

23.4 

Ont. 

1937 T.V.A. 

Tucker 

18.0 

28.0 

Tenn. 

1934 T.V.A. 

Unaka 

22.3 

21.9 

Va. 

1937 T.V.A. 

Unaka 

23.5 

19.1 

Va. 

1939 T.V.A. 

Vandersloot 

34.0 

21.4 

Pa. 

1926 Bixby (3, 4) 

Vandersloot 

23.3 

14.8 

N. Y. 

1937 MacDaniels (10) 

Vandersloot 

30.7 

22.2 

Pa. 

1938 T.V.A. 

Walker 

16.7 

19.2 

Colo. 

1929 Bixby (4) 

Wallace 

24.8 

28.0 

Tenn. 

1939 T.V.A. 


*Nut weight adjusted from data reported as number of nuts per pound, 
♦♦Average of samples from same tree. 
tNumbers in parenthesis refer to literature cited. 
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Selection 

Nut 

Weight 

(Grams) 

Kernel 

Per- 

cent- 

age 

Sottrce 

of 

Nuts 

Crop 

Year 

Worker 


Wanda 

15.34 

31.49 

Iowa 

? Drake (6) 


Warehine 

14.4 

28.4 

Ohio 

1926 Bixby (3) 


Weatherby 

14.3 

25.2 

Va. 

1926 Bixby (3) 


Weltner 

17.0 

29.4 

Pa. 

1929 Bixby (4) 


Werner 

30.4 

21.4 

Iowa 

1919 Bixby (2) 


Wetzel 

16.4 

27.4 

Pa. 

1929 Bixby (4) 


Wetzel 

14.19 

27.76 

Pa. 

1930 Drake (5) 


Wetzel 

16.2 

28.3 

Pa. 

1937 T.V.A. 


Witty 

26.2 

24.0 

111. 

1926 Bixby (3) 


Worley 

24.0 

25.0 

N. C. 

1934 T.V.A. 


Worley 

24.0 

20.5 

N. C. 

1937 T.V.A. 


Worthington 

20.57 . 

21.87 

Iowa 

1930?Drake (5) 

(9) 

Wright 

16.2 

23.8 

N. Y. 

1934 MacDaniels 

Wright 

15.8 

14.6 

N. Y. 

1937 MacDaniels 

(10) 

Wright, D. C. 

22.25 

23.1 

N. Y. 

1932 MacDaniels 

(8) 

Yawger 

20.3 

22.2 

N. Y. 

1919 Bixbv (2) 


Young 

22.9 

23.4 

Ohio 

1939 T.V.A. 


Zeke 

20.7 

27.7 

Ky. 

1939 T.V.A. 


Zeta 

23.8 

27.6 

Ky. 

1939 T.V.A. 



*Nut weight adjusted from data reported as number of nuts per pound. 
♦^Average of samples from same tree, 
t Numbers in parenthesis refer to literature cited. 


Literature Cited 

1. Bixby, W. G, The 1918 nut contest. Amer. Nut. Jour. 11:72. 1919. 

2. The 1919 nut contest. Proc. North Nut Grozu. Assn, 146-158. 

1919. 

3 . Northern nut growers’ prize nut contest. Proc. North. Nut 

Grow. Assn. 120-128. 1927. 

4 The 1929 contest and the method of testing used. Proc. North. 

Nut Grow. Assn. 42-64. 1931. 

S. Drake, N. F. Judging black walnuts. Proc. North. Nut Grozv. Assn. 
130-137. 1931. 

Black walnut varieties. Proc. North. Nut Grow. Assn. 66-71. 

1935. 

7. Lounsberry, C. C. Unpublished report to G. B. MacDonald, Head, For- 

estry Section, Agr. Exp. Sta., Ames, Iowa. 1937. 

8. MacDaniels, L. H. Nut-growing in New York State. N. Y, (Cornell) 

Agr. Exp. Sta. Bui. 573. 1933. 

9 . The 1934 nut variety contest in New York State. Proc, North. 

Nut Grow. Assn. 100-104. 1935. 

10. Is it possible to devise a satisfactory judging schedule for black 

walnuts? Proc. North. Nut Grow. Assn. 2A-27. 1939. 

11. Reed, C. A. Varieties of nut trees for the northernmost zone. Proc. North. 

Nut Grow. Ass}i. 87-95. 1934. 

12. Stoke, H. F. In Commercial cracking of black walnuts and some promising 

new nuts discovered in the process. Proc. North. Nut Grow. Assn. 109- 
110. 1932. 



A Royal Apricot Sport of Short Chilling Requirement: 
Origin and Transmission of Characteristics to Seedlings 

By W. E. Lammerts, University of California, Los Angeles, Calif. 

T he winters of coastal Southern California are usually too mild for 
normal leafing and fruiting of the apricot (1). Little progress has 
been made in the development of high quality mild winter apricots 
mainly because varieties or seedlings with short chilling requirements 
were not available. Recently, however, a group of such seedlings has 
been obtained in a rather unusual way and a brief description of their 
origin is accordingly of interest. 

In 1936, J. C. Watt of the Armstrong Nurseries showed the author 
two young trees propagated from a sport of the Royal apricot. The 
buds were obtained in 1934 from A. D. Shamel of the United States 
Department of Agriculture at Riverside, who in turn got them from 
B. A. Van Duine of Cabazon, California. In a letter written October 
16, 1940, Shamel states that the sport branch was first noticed by Van 
Duine in March 1934 because of its early flowering and normal de- 
velopment while the balance of the tree and other trees in the orchard 
were seriously affected by delayed foliation following the warm winter 
of 1933-34. The parent tree was then 19 or 20 years old and had tvv^o 
main limbs, one of which divided into three branches. The sport branch 
arose on the southwest side of the center limb about 5 feet above 
ground. It had apparently started its growth in 1932 or 1933 and was 
about 4 feet long and bearing 10 fruits when first observed by Shamel 
and associate Pomeroy, May 7, 1934. 

In the spring of 1937 following the unusually cold winter, the young 
Royal and so-called Early Royal trees leafed and flowered simultane- 
ously, thus indicating that earliness of the sport in previous years was 
in reality due to a difference in reaction to warm winter effects. 
Unfortunately the sport seemed to have a poor bearing habit in that 
few short fruit-spurs were formed and most of the fruit was born on 
the ends of long year-old shoots. In the 1940 season, the Early Royal 
trees, then about 6 years old, had a better crop due to the greater 
number of short fruiting spurs. Evidently the poor bearing habit is 
gradually being outgrown, but the fruit lacks color and so the sport 
would seem to have little commercial promise. 

In 1937 flowers of the two young trees were pollinated with New- 
castle pollen and others were self-pollinated in order to see if the early 
leafing habit would be transmitted. Reciprocal crosses of the Royal and 
Newcastle were also made for comparison. Fruit from these crosses 
and self-pollinations was harvested and embryos cultured in the sum- 
mer of 1937. The young trees resulting were transplanted to the field 
in the spring of 1938 and records as to leafing were made in 1939 and 
1940, both years of rather severe delayed foliation. A few open-polli- 
nated seeds of the Royal were cultured in 1938 and records of the 
resulting seedlings were taken in the spring of 1940. The leafing 
behavior of the parents, seedlings and hybrids is shown in Table L 
Some F. P. L introductions from North Africa, kindly supplied by 
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TABLE I— CoMPARAxn^ Leafing Out of F. P. I. Introductions, Royal, 
Early Royal, Newcastle, Selfed, and Hybrid Seedlings 
in 1939 and 1940 


Variety 

Season 

Leafing Out Beginning 
Feb 

Leafing Out Beginning 
Mar 

Leafing Out 
Beginning 
Apr 

Totals 



3-7 

8-15 

16-23 

23-29 

1-7 

8-15 

16-23 

24-31 

1-7 

8-15 


F.P.I. 91614 

1939 





— 







— 

2 

— 

— 

2 

SS809 

1939 

— 

— 

— 

— 

— 

— 

— 

2 

— 

— 

2 

88887 

1939 

— 

— 

— 

— 

— . 

— 

2 

— 

— 

— 

2 

8S605 

1939 

— 

- — 

— 

— 

— 

— 

2 

— 

— 


2 

88601 

1939 

— 

— 

— 

— 


— 

2 

— 


— 

2 

Royal 

1939 

— 

— 

— 

— 

— 

— 

— 

2 

— 

— 

2 

1940 

— 

— 

— 

— 

— 

— 

— 

2 

— 

— 

2 

Early Royal 

1939 

— 

— 

— 

— 

2 

— 

— 


— 

— 

2 

1940 

— - 

— 

— 

— 

2 

— 

— 

— 

— 

— 

2 

Newcastle 

1939 

— 

— 

— 

— 

— 

— 

2 

— 

— 

— 

2 


1940 

— 

— 

— 

— 

— 

— 

2 

— 

— 

— 

2 

Royal selfed 

1940 i 

— 

— 

— 

— 

— 

. — 

3 

4 

1 

2 

10 

Early 

1939 

10* 

. — 

— 

— 

1 

— 

— 

1 

9 


21 

Royal selfed 

1940 

2 

1 

— 

7 

1 

— 

3 

2 

5 

— 

21 

Newcastle 9 X 

1939 

— 

— 

— 


— 

1 

13 

12 

— 

— 

26 

Royal c?* 

1940 

— 

— 

— 

— 

1 

3 

22 


— 

— 

26 

Early Royal 9 X 

1939 

6* 


— 

— 

__ 

— 

— 

— 

2 

— 

8 

Newcastlecf 

1940 

— 

1 

2 

2 

— 

1 

1 

— 

1 

— 

8 

Royal 9 X 

Newcastle cf 

1940 


— 

7t 

1 

1 

28 

26 

4 

1 

2 

69 


^Terminal buds only began leafing out February 3 to 7, 1939; other buds were later and trees 
had new leaves generally well developed by March 15, 1939. 

tTerminal buds only began leafing out February 19, 1940; other buds were later and trees did 
not generally begin leafing out until March 15, 1940. 

C. O. Hesse of the United States Department of Agriculture at Davis, 
California for comparative trial are also included. 

Evidently the F, P. 1. introductions are not much better adapted to 
mild winters than Newcastle and so would be of little value in breeding 
work- All the seedlings which leafed-out in any given week are grouped 
together in order to present the data more compactly. 

As may be noted, seven trees in the progeny of Royal? X New- 
castle^ were earlier leafing than Newcastle. These were definitely 
weak trees, however, and so would probably be of little value in further 
breeding work. In the smaller population of Newcastle? X Royals 
the earliest seedling did not begin leafing out until March 6, 1940. 
In striking contrast is the behavior of the progeny of Early .Royal? 
X Newcastle Not only are many trees here very early in beginning 
to leaf-out as noted in the table, but they also were in full foliage much 
earlier than even the most advanced of the Royal? X Newcastle^ 
hybrids (Fig. 1). Furthermore they were vigorous trees and flowered 
and bore fruit in the 1940 season when only 3 years old. 

Thus far only 10 open-pollinated Royal seedlings have been grown. 
All were seriously affected by the mild 1939-40 winter. While earlier 
leafing types might segretate out if a larger population were grown, 
it seems doubtful if any would be found as early as those obtained in 
the selfed Early Royal progeny. Here 10 out of 21 trees began leafing 
at terminal buds the first week of February 1939, and were in full leaf 
before most of the Royal? X Newcastle^ seedlings had even started. 
The contrast was even more striking in 1940, following the mildest 
winter of record. Then the earliest seedling began leafing February S, 
and rapidly came into full leaf. Others following as indicated in the 
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Fig. 1. Showing relatively dormant 
condition of Newcastle $ X Roy- 
al $ hybrid at left compared with 
Early Royal $ X Newcastle $ hy- 
brid 37108/7 at right on March 
19, 1940. 



Fig. 2. Showing dormant condition 
of Royal selfed seedling at left 
compared with Early Royal selfed 
seedling 37109/2 at right on 
March 19, 1940. 


table until 10 were well leafed-out by February 29 (Fig. 2). There 
was some scattering as indicated* in leafing of the other 11 trees until 
finally a group of five trees began leafing on April 5, and even then 
were very slow in completion of leafing out, bare areas being still 
present on April 15, 

The combined evidence would then seem to show that the Early 
Royal sport not only transmits its lower chilling requirement, but 
behaves much like hybrid peach varieties such as Babcock, which are 
very little affected by delayed foliation, i.e., the factors for this char- 
acteristic are dominant and the sport is heterozygous. Analysis of the 
factorial basis must await development of true breeding lines, so that 
the effect of possible modifying factors may be studied by growing of 
adequate F 2 and backcross progenies. Possibly only one major domi- 
nant factor is involved. 

The hybrid trees which fruited varied in that some bore their fruit 
on short spurs instead of at the end of long shoots, thus indicating the 
possibility of separating the poor fruiting habit of the sport from its 
low chilling requirement. 

So far as can be determined from the literature this is one of the 
few cases in which a sport of a horticultural variety of fruit has been 
shown to transmit its characteristics. Should it prove possible to sepa- 
rate its highly desirable low chilling requirement from its poor fruiting 
habit and fruit quality, as preliminary studies indicate, this sport may 
prove valuable as a basis for developing apricots adapted to mild winter 
regions. 

Grateful acknowledgment is made to A. D. Shamel of the United 
States Department of Agriculture for calling attention to the Royal 
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Sport and to Armstrong Nurseries where the writer was employed 
■while carrying on this investigation. The cooperation of J. C. Watt of 
the Armstrong Nurseries is particularly appreciated. 
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Photosynthesis, Transpiration, and Growth of Apple 
Trees as Influenced by Various Concentrations 
of Oxygen and Carbon Dioxide in the 
Soil Atmosphere 

By W. H. Childs, West Virginia University, Morgantown, W. Va. 

Abstract 

This material will be published in full in Plant Physiology* 

O NE- and two-year-old budded McIntosh and Delicious apple trees 
were grown in a sandy loam soil in 2-quart glass jars and 2-gaIlon 
glazed pots. Various concentrations of oxygen and carbon dioxide 
were maintained in the soil atmosphere either by varying the rate at 
which a stream of air was drawm through or by limiting gaseous dif- 
fusion, and the effect on photosynthesis, transpiration, and growth 
was measured. 

Such quantitative criteria of growth as fresh weight, dry weight, 
ash, leaf area, and terminal growth indicated that there was no ap- 
preciable depressing effect as tlie oxygen concentration was decreased 
until there was slightly less than 12 per cent present, when a distinct 
drop was noted. A further gradual depression of growth was apparent 
as the oxygen concentration was decreased below this point, but there 
was no other abrupt drop until a concentration of to 2 per cent 
was reached. Lowering the oxygen concentration below this point, 
however, resulted in a second distinct drop. The slight growth which 
occurred with less than per cent of oxygen about the roots was 
apparently at the expense of previously stored materials, since the 
fibrous roots were found to be dead when harvested. 

The concentration of carbon dioxide present, within the limits 
found in this study, had little effect on growth or on photosynthesis 
and transpiration. There may have been a slight depressing effect of 
high carbon dioxide concentrations, but this was so slight as to be 
negligible when compared to the effect of low oxygen concentrations. 

Neither photosynthesis nor transpiration of individual healthy leaves 
was decreased until the oxygen concentration about the roots was 2 
per cent or less. This was true both for trees w'hich were grown under 
the various concentrations of oxygen and for those which were grown 
with a normal soil atmosphere and then had this adjusted while 
determinations were made. 

Qualitative examination of the root systems showed that they could 
be placed in four groups on the basis of various characteristics. Those 
trees grown with more than 12 per cent of oxygen about the roots had 
a large, reddish-brown, fibrous root system with the new growth 
chiefly on the end of long, fibrous roots, and with no lenticular pro- 
liferations. Where the oxygen concentration had been between 2j4 
and 11 per cent, the root system was smaller, medium brown in color, 
and showed a few lenticular proliferations on the upper part of the 
tap root. The new growths were partially on the end of long fibrous 
roots and partially on the tap root and large side roots slightly below 
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the soil surface. Those trees grown with from to 2^ per cent of 
ox3-gen present had a distinctly different type of root system. The 
lower roots showed very little lignification, and some of them may 
have been dead. There were a large number of long, unlignified roots 
arising on the tap root and on the large side roots close to the soil 
surface, together with many lenticular proliferations which may have 
been the point of origin of these roots. These roots were quite brittle 
and were easily broken off in harvesting. With less than 1)4 per cent 
oxygen present, the fibrous roots were dead, the large roots were very 
dark in color, and there were no new growths of any kind. 

It is apparent, if these data are applicable to apple trees grown in the 
orchard, that there will be a depression of growth if the percentage of 
oxygen in the soil atmosphere remains less than 12 per cent for any 
considerable period of time, as has been found to be the case in certain 
heavy soils at depths of 2 feet or more. This emphasizes the importance 
of the selection of an orchard soil which will provide good aeration for 
the trees’ roots, if maximum growth and yields are to be realized. 



Cultural Practices for Young Apple Trees ^ 

By E. P. Christopher, Rhode Island Agricultural Experiment 
Station, Kingston, R, 1. 

F ruit growers are continually seeking the best and most economi- 
cal method of starting young trees. Several methods involving more 
or less care during the first few years are being used. Data on growth 
responses from six cultural methods without fertilizer are presented 
below. 

Materials and Methods 

In the spring of 1939, 30 McIntosh and 30 Baldwin 1-year whips 
were divided into six groups of as near equal size and vigor as possible 
and planted on a gravelly knoll of Narragansett stony loam. Six plots 
of one McIntosh and one Baldwin tree each were distributed over the 
area and replicated four times. No fertilizer was applied and no prun- 
ing done. All trees were planted as uniformly as possible using the 
soil at hand with the exception of those in treatment No. 1. In this 
case a 12-quart pailful of moistened horticultural peat was mixed with 
the soil placed about the roots. 

The trees were subjected to the following treatments: 1, Planted 
with 12 quarts of peat moss and then kept continually under clean culti- 
vation; 2, maintained under clean cultivation; 3, mulched with 3 to 
4 inches of rye straw and non-legume hay ; 4, planted to unfertilized 
pasture sod ; 5, planted to quack grass, and 6, given clean culture from 
May through August and then sown to winter rye. 

Results 

The 1939 growing season was extremely dry in Rhode Island, a 
deficiency of 5.43 inches accumulating during May, June, and July. 
The first real rain to break this dry spell fell on August 17. In spite 
of this lack of moisture, good growth was made (4). In Table I are 
presented the average terminal growth for 1939 and 1940 and trunk 
diameters for 1940. 

It is interesting to note that under the conditions existing, a well 
aerated gravelly soil and an extremely dry season in 1939, there was 
no significant difference betw’een the trees receiving peat and those 
planted without the benefit of the peat. It has been pointed out (8) 
that under certain dry conditions an increased root growth without an 
appreciable difference in top growth may occur. Since further results 
are desired from the trees, none were dug to note root development* 
The trees in the plots with pasture sod and quack grass were very 
definitely inferior to all others. This was very noticeable in the color 
and size of the leaves. This suggests an unsuccessful competition for 
nitrogen and water. Lyon, Heinicke and Wilson (6) seemed to find the 
effect of sod on nitrates of more importance. Baker (2) reports a close 
correlation between trunk circumference and terminal growth and total 
nitrogen in the soil. While the difference in growth between the two 
sod treatments is not significant for the average of both years, quack 
^CPUtribution No. 584 of the Rhode Island Agricultural Experiment Station. 

181 



182 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


grass was somewhat superior for 1940 alone and there was a notice- 
ably better green coloring of the leaves. As has been pointed out by 
Langord ( 5 ) the demands of various grasses, both as to amount and 
time, may have an influence. This type of information for orchard 
covers seems to be limited. 


TABLE I — Term INAL Growth and Trunk Diameter of McIntosh and 
Baldwin Apple Trees Under Six Cultural Treatments 



McIntosh 

Baldwin 

Treatment 

Terminal 

Growth 

Average 

1939-1940 

(Inches) 

Trunk 

Diameter 

1940 

(Inches) 

Terminal 

Growth 

Average 

1939-1940 

(Inches) 

Trunk 

Diameter 

1940 

(Inches) 

Peat moss and clean cultivation . 

205 

0.98 

250 

1.09 

Clean cultivation - 

211 

i.io 

281 

1.14 

Mulch — straw 

296 

1.27 

373 

1.29 

Pasture sod 

109 

0.83 

136 

0.84 

Quack grass 

89 

0.86 

155 

0.82 

Clean cultivation and cover crop 

250 

1.10 

322 

1.10 


Difference needed for significance.. 
Method of variance 

86 

.20 

93 

.21 


Clean culture with cover crops gave next to the highest terminal 
growth but the. mulch treatment would appear to be significantly better 
than any other. Leaves w^ere large and deep green in color and growth 
continued late in the season. It will be recalled that no fertilizer had 
been applied. Boynton and Batjer (3) report that 2 years of mulch 
resulted in no significant increase in organic matter. Proebsting (7) 
reported that 10 years of cover crops did not increase either nitrogen 
or moisture holding capacity. Wiggan (9) also reported good results 
with non-legume mulch and no fertilizer but does not suggest why. 
Anthony ( 1 ) feels that more attention should be given to the surface 
layer of soil, especially emphasizing the factors of moisture penetra- 
tion and accumulation. Unfortunately no soil moisture or nitrogen 
determinations w^ere made in our study. Further work along this line 
is planned. 

Conclusions 

From these preliminary data it seems that under certain conditions 
peat moss does not improve the growth of young apple trees. Planting 
trees in sod land, at least without fertilizers, is definitely inferior to 
other treatments. Mulch provides excellent apple tree growth without 
fertilizer and at a very low labor cost. 
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Peach Breeding: A Study of Inheritance in Some 
Cross-Bred Seedlings^ 

By H. L. Lantz and T. J. Maney, Iowa Agricultural Experiment 
Station, Ames, la* 

T his is a preliminary report of experimental breeding of the peach 
with respect to hardiness of tree and fruit bud in inter-specific 
crosses and in two strains of selected peaches. Standard varieties of 
peaches are not hardy in the Upper Mississippi Valley. Winter tem- 
peratures have repeatedly killed the trees or the fruit buds and spring 
hosts often kill the blossoms. There are a few varieties and some 
orchards of seedling trees that have survived the winters and which 
have a reasonably good record for production. 

There are three general approaches to the problem of securing 
improved varieties by breeding: (a) inter-varietal crosses; (b) inter- 
specific crosses; and (c) the growing of seedlings from selected 
parents. 

In 1905 the late Professor S. A, Beach brought pits of the Hiirs 
Chili peach to Ames, Iowa from New York. At that time, Hill's Chili 
was regarded as one of the hardiest varieties grown. By 1916 a third 
generation of seedlings had been grown at Ames. One tree which bore 
white-fleshed fruits was later named Polly. Somewhere in the history 
of these seedlings, natural crossing brought white-fleshed peaches of 
the Champion type into the progenies. The best seedlings of the third 
generation of Hill’s Chili, both white and yellow fleshed, were propa- 
gated and planted in 12-inch clay pots in 1924, and since that time 
some of the breeding work has been done in the greenhouse. Trees of 
several desired varieties and of Prumis davidiana were also potted. 

Trees of Primus davidiana are known to have stood 35 to 40 degrees 
below zero. The tree is of roundish, upright habit ; it grows rapidly ; 
the bark is dark reddish with distinct grey lenticels. The dark green 
foliage resembles that of the peach in shape, but the leaves are some- 
what shorter and narrower and have a much smoother surface. The 
fruit buds seldom survive the winter temperatures. If there is a sur- 
vival, the buds burst into bloom 2 to 3 weeks earlier than the normal 
peach blooming season. The fruit of P, davidiana is about ^ to 1 inch 
in diameter ; the pit is plump, roundish, free and covered with a little 
more than % inch of coarse, fibrous flesh. The color of the fruit is pale 
green ; and its pale green flesh is practically inedible. Since the tree 
possesses desirable vigor, hardiness and disease-resistant foliage, it 
has been used in inter-specific crosses with the peach. 

A number of years ago Harlow Rockhill, amateur fruit breeder of 
Conrad, low^a, successfully crossed the Bailey and Prunus davidiana. 
The trees of the first generation cross have stood through a number 
of winters and have attained considerable size. These trees are much 
hardier than the peach. Their fruits are larger than those of P. 
davidiana and some are fairly edible. Potted trees of P. davidiana 

^OTirnal Paper No. J-832 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project 287, 
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bloom profusely under greenhouse conditions. The blossoms open 
within 3 to 5 days after being warmed up and produce an abundance 
of viable pollen. In 1928 crosses of P. davidiana were made in the 
greenhouse and seedling trees of these crosses were tubbed and grown 
in the greenhouse for use in further breeding. These Fi.g have proved 
to be sterile or nearly so when selfed but when crossed with peaches 
have set fruit in sufficient numbers to provide considerable F 2 material. 

A number of Fi,s and ¥ 2^5 were planted in the orchard in 1937, 1938, 
1939 and 1940. The trees of the 1937 planting bore abundantly in 1939 
and several bore fair crops in 1940. Their blooming season varies from 
a week earlier to nearly as late as that of the peach. None of these 
seedlings bloom as early as Primus davidimia. The fruits of all these 
seedlings are larger than those of P. davidiana, have more flesh around 
the pit and several were fairly edible. Two seedlings bore fruits 2 
inches in diameter. Fruits of nearly all seedlings are green to pale 
green in color and have either white or pale greenish flesh. Two seed- 
lings were fruited in 1940 which bore yellow-fleshed fruits. The fruits 
are all freestone. 

The trees have distinct characteristics of the Primus davidiana in 
both the Fi and F 2 generations. The bark color and the character of 
the foliage is clearly like that of P. davidiana. Some trees have failed to 
bloom. Certain seedling trees grow compactly and have an excessive 
amount of dark green foliage. The foliage of some of these seedling 
trees is markedly resistant to Bacterium pmmi. Several thousand open- 
pollinated seeds of the peach x P. davidiana crosses were planted in 
the spring of 1940. Their germination was high and the seedling trees, 
in nearly all lots, made a remarkably strong growth. These inter- 
specific hybrid seedlings may have value as stocks because they have 
shown hardiness which is superior to that of ordinary peach seedlings. 
The average height of these seedlings at the end of the growing season 
was 42 inches, as compared with ordinary peach seedlings which aver- 
aged 30 to 36 inches. 

There is little evidence that real hardiness is to be found by simply 
crossitig standard varieties of the peach. Under Iowa conditions at 
least four selections of open-pollinated third-generation seedlings of 
the Hill's Chili have been considerably hardier in tree than varieties 
like Hale and Elberta and possibly Champion. These are Polly, No. 8, 
No. 17 and No. 18. Open-pollinated seedlings of No. 8, No, 17 and 
No. 18, which were planted in the orchard in 1937, produced an over- 
load of fruit in 1939 and also set an abundance of fruit buds. 

A few years ago our attention was called to a peach which was 
grown on a farm near Boone, Nebraska from generation to generation 
by seeds. A small amount of seed of this strain of peaches was secured 
in 1935. The seeds were germinated in 1936 and the trees were planted 
in the orchard in 1938. All of these trees fruited in 1939, and in 1940 
they produced a full crop. The trees are all very similar in foliage and 
habit of growth. Their freestone fruits are also similar, differing some- 
what in season of ripening and in quality. All are about to 2 
inches in diameter, round in form, the skin color is pale yellow or 
white with a blush. Their flesh is white, somewhat fibrous, medium 
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juicy and of fair quality. These trees bloom late ; approximately 1 or 
2 days earlier than mid-season for the apples in this locality. 

On January 18, 1940 the temperature at Ames was recorded at 
—25 degrees F. During February an examination was made to deter- 
mine fruit bud survival on each of 105 seedling peach trees. The Boone 
seedlings had 30 per cent to 65 per cent survival, which is consider- 
ably higher than in any other line of seedlings. These trees bloomed 
later than any other line of peach seedlings and all set more fruit than 
was necessary for a full crop. 

The seedling trees of No. 8, No. 17 and No. 18 also were surpris- 
ingly high in fruit bud survival. Two seedling trees of No, 8 showed 
45 to 55 per cent live buds. Ten seedling trees of No. 17 showed a 
survival ranging from 15 to 45 per cent and nine of these trees set a 
good crop of fruit ; five were overloaded. Fifteen seedling trees of 
No. 18 showed bud survival ranging from 15 to 55 per cent, two trees 
set a fair crop and 13 were well loaded. The time of blossoming of the 
seedlings of No. 17 and No. 18 is nearly as late as that of the Boone 
seedlings. The fruits of the seedlings of No. 8, No. 17 and No. 18 have 
a deep yellow under-color which is overspread by dark red which often 
extends over one-half to three-fourths of the surface. All are yellow 
fleshed and several rate good quality and nearly all are freestone. 

Fruit bud survival in nearly all the Prunus davidiana seedlings was 
low ; although several crosses showed trees with IS per cent live buds, 
one tree had 45 per cent bud survival. 

Those trees with a high percentage of live buds were crossed in 1940 
with varieties, the pollen of which was supplied through the courtesy 
of the United States Horticultural Field Station, Beltsville, Maryland. 
Crosses were also made with pollen of selected seedlings. A total of 
32 crosses was made on 12 different trees. Pollen from 10 varieties and 
seedlings were used. The number of seeds secured was 1,277. 

On November 1 1, 1940 wdiile peaches were still in full leaf, the tem- 
perature dropped rapidly to below zero and remained around 4 degrees 
F for four days. An examination of the bark on the trunks and lower 
limbs indicates that the peach seedlings have sustained severe damage. 
A few" may survive. In general, the trees of the peach x Prunus david- 
iana crosses show relatively little injury as compared to other lines of 
seedlings. This indicates that P. davidiana carries and transmits those 
factors which produce hardiness of tree and suggests the value of con- 
tinuing this line of experimental breeding to determine whether, in 
succeeding generations, a new and hardy race of peaches may be 
secured. Crosses have been made between selected seedlings of this 
line and selected seedlings of the No. 8, No. 17 and No. 18 for the 
purpose of determining whether hardiness of tree and hardiness of 
fruit bud may be combined. 



The Starch Cycle in the Hachiya Persimmon 

By C. J. Archer, University of California, Los Angeles, Calif. 

T his paper reports a study of the starch content of Hachiya per- 
simmon trees made between November, 1938 and May, 1940, The 
trees used for the study were four normal, fruiting trees in addition to 
one tree from which the vegetative buds were removed the first week 
in March, 1939, one tree from which the flower buds were removed 
on April 14, 1939, and one tree from which the 3mung fruits were 
removed on June 9, 1939. Previous season’s shoots, second year, and 
third year branches were collected vreekly between November 10, 1938 
and November 11, 1939 from the normal trees and bi-weekly during 
the growing season of 1939 from all other trees. The samples were 
preserved in 50 per cent alcohol; subsequently, they were sectioned, 
stained with IKI, mounted in 50 per cent glycerine, and studied micro- 
scopically for starch content. A more detailed account of the trees and 
the collection of samples was presented in a previous paper ( 1 ) . 

All slides (50 to 52) of each year’s growth from the normal trees 
were laid out in a series according to the density of color without 
regard to date of sample. Consecutive numbers from 0 to 50 or 52 
were assigned each slide according to its position from the lighter end. 
Subsequently, numbers of slides were plotted against dates appearing 
thereon to obtain the curves appearing in Fig. 1. Curves for all other 
series were obtained by matching slides with those of the same age 
branches of the normal trees, and assigning the numbers of the normal 
slides. Numbers assigned slides of the control series are not quantita- 
tive except insofar as they indicate how many color shades occur 
bet-ween slides of successive weeks. 

The starch cycle in the bearing persimmon tree in the coastal dis- 
trict of southern California was found to be similar to those recorded 
for deciduous trees by other investigators. As shown in Fig. 1, the 
starch curve drops to a very low point about the second week in 
February; rises rapidly but somewhat irregularly to a maximum 
between the last week in March and the second week in April; 
drops very rapidly to a second low point from 2 weeks later in the 
third year branches to 10 weeks later in the previous season’s shoots ; 
rises slowly in irregular waves until approximately the first or second 
week in Deceml^er ; then drops in irregular waves to the low point in 
February. Fig. 1 shows the curves for one pair of bearing trees, and 
those for the other pair were found to be very similar. In all instances 
the fall maximum was found to be greater than the spring maximum, 
and the spring minimum was found to be lower than the winter mini- 
mum. Of some interest is the fact that when starch accumulations are 
plotted at weekly intervals, the curves are not as regular as those 
obtained by plotting less frequent observations. Several factors, one of 
which will be evident later, seem operating to cause significant fluc- 
tuations in the general trend. Some slight, but inconsistent, differences 
exist between curves of different ages of branches studied. 

Curves for bark, wood, and pith were plotted and studied. During 
the greater part of the year, only traces of starch were found in the 
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bark, with irregular fluctuations between small amounts and no starch. 
Large amounts of starch were found in the bark for two successive 
weeks during the spring maximum, indicating an overflow of starch 
into that area during the rapid accumulation period. Little or no starch 
was found in the phloem except during the above-mentioned maximum 
period, at which time it was found in the phloem parenchyma and ray 
cells. Curves for the fluctuations of starch in the wood and pith were 
very similar to those shown in Fig. 1 ; in fact, neither showed any 
significant variations from the general curve. 

Careful study failed to reveal the wave-like accumulations and dis- 
appearances of starch between the three ages of branches studied or 
within the several tissues of the same age branches, as has been re- 
ported by several investigators working with other plants. With few 
exceptions, starch accumulations and disappearances occurred rather 
uniformly throughout the three ages of branches. 

No correlation between vegetative activities and the rapid decrease 
in starch to the winter minimum, occurring in February, was apparent, 
no sign of cambial activity, described in a previous paper (1) , being 
evident until almost March 1. The first signs of cambial activity 
appeared when the amount of starch present in the sections was inter- 
mediate between the winter minimum and the spring maximum. Trans- 
location of soluble carbohydrates to the branches studied, therefore, 
and subsequent starch synthesis must have occurred after growth 
activities had begun. 

The rapid decline in the amount of starch, observed between ap- 
proximately March 1 and May 1 undoubtedly reflects the use of food 
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reserves for growth prior to the attainment of photosynthetic efificieiicy. 
During this period the formation of new wood was observed in all 
three ages of branches studied, new shoots up to 6 inches in length 
were formed, and flower buds appeared ; yet, the leaves did not attain 
full size until the last week in April. The slow and irregular increase 
in amount of starch from the attainment of full size of the first leaves 
until leaf-fall seems to reflect the gradual increase in the ratio of the 
synthesis to the use of the products of photosynthesis. 

Further evidence for the belief that the rapid drop in the starch curve 
of the normal tree in the spring is caused by growth activities was 
obtained in the disbudding experiment. In a tree disbudded in March, 
1939, and kept free of developing buds during the balance of the grow- 
ing season, the rapid decrease in starch noted in the normal tree prior 
to May 15 was not found. Fig. 2, curve C. Instead, the starch decreased 
in amount more slowly during that period and continued to decrease 
throughout the nonnal growing season, presumably due to translo- 
cation and use in respiration. 

The results of a study of the effect of fruiting upon the starch 
cycle is shown in Fig. 2. Curves B and C show^ the amount of starch 
present in the second year branches of non-fruiting trees compared to 
the amounts present on the same dates in a normal tree, curve A. Since 
the spring minimum is reached in non-bearing trees as late or later than 
in bearing trees, it would 
appear that the activities 
connected with vegetative 
growth at that time are 
much more influential in 
decreasing the starch 
curve than are flowering 
and fruit-setting. Non- 
bearing trees were found 
to accumulate starch 
much more rapidly and 
steadily during the grow- 
ing season than bearing 
trees. Of particular inter- 
est, however, is the fact 
that the accumulations of 
starch in non-bearing 
trees was relatively uni- 
form in contrast to the 
cyclic accumulation in 
bearing trees. This would 
seem to indicate, since 
other factors w^ere the 
same for bearing and 
non-bearing trees, that 
the drain upon the prod- 
ucts of photosynthesis by Fig. 2. Effect of fruiting upon starch cycle 
the persimmon fruits was 1*^ Hachiya persimmon. 
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cyclic rather than relatively uniform during the period of fruiting. 
Flowering, as well as fruit-setting, seems to suppress starch accumu- 
lation. The tree allowed to flower did not show significant starch 
accumulation until after the young fruit was removed, while the tree 
not allowed to flower showed starch accumulation 2 weeks earlier. 

In summary, a study of the starch cycle in bearing and non-bearing 
persimmon trees in the coastal district of southern California revealed 
that ; (a) the normal starch cycle is similar to that found in deciduous 
trees by other investigators; (b) no definite wave-like accumulations 
and disappearances of starch between the three ages of branches 
studied or within the several tissues of the same age branches was 
found ; (c) the normal starch cycle was found to reflect general growth 
activities in the tree except during the rapid decrease to the winter 
minimum; (d) fruiting was found to suppress starch accumulation; 
and (e) evidence was obtained indicating the probability that fruit 
development is cyclic rather than uniform. 
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Extent of Colored x\rea on Elberta Peaches in Relation 
to Leaf Area Per Fruit and to Fruit Size 

By C. F. Kinman, U. S. Horticultural Station, Beltsville, Md, 

I N a study of the performance of Elberta peach fruits in relation to 
leaf area on ringed branches, observations were made to determine 
what percentage of the area of the fruit was covered with red. Previous 
work with ringed branches has been reported on the effect of leaf area 
on color of apples ( 1 ) and on size and chemical composition of peaches 
(2). The trees selected for use in this work were large and vigorous, 
of full-bearing age, in irrigated orchards, and all set good crops of fruit 
during the continuance of the experiment. The orchards are in a large 
commercial fruit-growing district in the lower Sierra Nevada foothills 
near Penryn, California. Here, days of uninterrupted sunshine are the 
rule from early in the peach-growing season until after harvest. Trees 
in three orchards were used in the experiment. 

The branches that were used were about to ^ inch in diameter 
at the point of ringing before the bark was removed, and about 2 feet 
in len^h. They were ringed a few days after the last flower petals 
fell and the fruit was thinned to the ratios of one fruit to 10, 20, 30, 
40, and 60 leaves. The ringed area was kept open during the season. 
One set, or more, of branches with all of the fruit-leaf ratios was 
established on each tree used in the experiment. In adjusting the fruit- 
leaf ratio no leaves were removed, the adjustments being affected by 
removal of fruit; therefore leaf shading was not a factor in causing 
different amounts of colored area per fruit. 

The fruit was harvested when eating-ripe or very nearly so, and each 
fruit was weighed, measured, and an estimate recorded of the percent- 
age of solid red area of the exposed half of the fruit. 

At the completion of the harvest all leaves on experimental branches 
were collected and measured. 

The data on the area of solid red color on fruit with different leaf 
areas on ringed branches that were obtained in 1933, 1935, and 1936, 
are combined and summarized in Table I. 


TABLE I — Elberta Peach Color in Relation to Leaf Area per Fruit 
AND to Size of Fruit on Ringed Branches 


Number of 
Leaves 

Per Fruit 

Number 
of Fruit 

Leaf Area Per 
Fruit (Sq In) 

Average Weight 
of^ruit (Grams) 

Area of Solid Red 
Color on Exposed 
Half of Fruit 
(Per Cent) 

10 

245 

31.1 

71.6 

44.7 

20 

248 

61.8 

115.7 

32.7 

30 

149 

87,5 

157.9 

29,5 

40 

143 

120.1 

185.3 

22.5 

60 

112 

170.4 

217.2 

16.5 


It is evident that the fruit had a much greater percentage of colored 
area where the leaf area was low than where it was high, and that the 
colored area decreased as the leaf area per fruit and the size of fruit 
increased. The percentage of red area was approximately one third as 
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great for fruits with 60 leaves as for those with only 10. The average 
weight of fruit how^ever, on branches with 60 leaves per fruit was three 
times as great as on those with 10 leaves. 

On the trees in this experiment and on neighboring trees, the fruit 
in the interior of the trees appeared to be about as well colored as 
outside fruit, but fruit enclosed in black cloth bags did not develop 
any red color at all on either ringed or unringed branches. 

Leaves from the ringed branches used in this experiment were not 
analyzed, but had amounts of nitrogen and carbohydrates been deter- 
mined, they might have ptwided a basis for explaining the wide dif¥er- 
ences in amount of color for different fruit-leaf ratios. 
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A Continuous Apple Thinning Experiment 
Conducted From 1920 to 1939 

By D. V. Fisher and R. C. Palmer, Dominion Experimental 
Station, Summerland, B, C, 

T hinning of apples is a practice widely followed in commercial 
apple producing areas. Many short-term apple thinning experi- 
ments have been conducted but the effects of continuous thinning to a 
definite plan over a long period of years have not been widely studied. 
It is the purpose of this paper to present some data bearing on this 
aspect of the problem. 

Eighteen trees of each of the varieties Newtown, Rome, McIntosh, 
and Delicious were planted at the Summerland Experimental Station 
in 1916. The trees were planted 30 feet apart on the square, in eight 
rows with nine trees in each row. There was one row of each variety 
in the north half, and one in the south half of the orchard. The majority 
of the trees commenced to bear in 1920 and a thinning experiment was 
then initiated. In each row, the fruit on trees 1, 4, and 7 was thinned to 
9 inches apart ; that on trees 2, 5, and 8 to 6 inches apart ; and that on 
trees 3, 6, and 9 to 3 inches apart. The thinning was performed when 
the fruits reached a size of 1 inches in diameter. The same thinning 
treatments were practised on the same trees each year. At harvest all 
fruits from each individual tree were sorted into four size grades: 
over 3 inches, 2j4 to 3 inches, 2j4 to 2j4 inches, and under 2^ inches 
in diameter. Fruits under 2% inches in diameter, windfalls, and apples 
injured by insects, disease or limb-rubs, were classed as culls. In addi- 
tion, the red-coloured varieties were sorted into three colour grades : 
Extra Fancy, Fancy, and Cee. 

In 1937, a report ( 1 ) was issued covering the results of the experi- 
ment up to 1935. This report included a comprehensive survey of the 
literature. At that time no significant differences in total crop had 
resulted from the different thinning treatments. However, size of fruit 
had been increased and a slight improvement in colour had been 
brought about by heavier thinning, which had also tended to lessen 
biennial bearing and to increase tree size. The present report sum- 
marizes the results of this experiment up to and including 1939. 

Results 

The general trend of results has been unaltered from the previous 
report on this experiment issued in 1937 (1). The total yield per tree 
of each variety under different treatments since 1920 is given in Table I, 
Table I provides significant data concerning the relative bearing 
capacities of the four varieties. McIntosh was the heaviest yielder 
followed closely by Delicious. Rome produced about two-thirds as 
much fruit as McIntosh, and Newtown about half as much. 

The figures presented in Table I indicate that over the :M-year 
period the heavy and medium thinned trees produced practically the 
same tonnage as the lightly thinned trees. This may have been due in 
part to increased bearing area, but even more to increased size of fruit. 
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TABLE I— Influence of Degree of Thinning on Yield of Afples 
( 1920 - 1939 )* 


Total Yield Per Tree Over 20- Year Period 


Variety 

Thinned 

9 Inches 
(Pounds) 

Thinned 

6 Inches 
(Pounds) 

Thinned 

3 Inches 
(Pounds) 

McIntosh. 

10314=1=450 

10092^:545 

9624db429 

Delicious 

9378=b519 

9570=t391 

89S2=fc470 

Rome 

7227=h267 

6755=1:551 

6540db567 

Newtown 

4901=fc321 

5037=1=383 

5618=1=409 


*In calculating probable errors, Bessel’s formula was used. 


The effect of severity of thinning upon size of fruit is shown in 
Table II. Heavy (9-inch) thinning has markedly increased the pro- 
portion of fruit in the over 3-inch class, and reduced the amount of 
small fruit. 


TABLE II — Influence of Degree of Thinning on Size of Apples 

( 1930 - 1939 ) 


Variety 

Thinning 

Distance 

(Inches) 

Average Yield Per Tree Per Year 

Over 3 
Inches 
(Pounds) 

2H to 3 
Indies 
(Pounds) 

2K to 2M 
Inches 
(Pounds) 

Culls 

(Pounds) 

Total 

(Pounds) 

McIntosh 

9 

373 

379 

14 

86 

852 =b36.5 


6 

350 

269 

95 

84 

825 ±33.1 


3 

260 

317 

98 

85 

760 ±33.2 

Delicious 

9 

343 

272 

93 . 

79 

787 ±38.3 


6 

279 

417 

43 

79 

818 ±32.8 


3 

128 

450 

111 

64 

753 ±43.7 

Rome 

9 

200 

304 

31 

63 

598 ±31.5 


6 

108 

333 

55 

55 

551 ±38.9 


3 

106 

315 

53 

52 

526 ±41.0 

Newtown 

9 

68 

255 

! 44 

37 

1 404 ±27.1 


6 

47 

286 

56 

36 

425 ±36.6 


3 

55 

267 

90 

48 

460 ±36.8 


The effect of thinning upon fruit colour has not been so significant 
as the effect upon size. This is shown in Table III. With the McIntosh 
variety, there were no appreciable differences in colour development 


TABLE III — Influence of Degree of Thinning on Colour of Apples 

( 1930 - 1939 ) 


Variety 

if 

Thinning 

Distance 

(Inches) 

Average Yield Per Tree Per Year 

Extra 
Fancy 
(Pounds) I 

Fancy 

(Pounds) 

Cee 

(Pounds) 

CuUs 

(Pounds) 

Total 

(Pounds) 

McIntosh 

9 

354 


203 

86 j 

852 ±36.6 


6 

377 

201 

163 

84 

825 ±33.1 


3 

308 


166 

85 1 

760 ±33.2 

Delicious 

9 

422 

150 

136 

79 

787 ±38.3 


6 

456 

136 

147 

79 

818 ±32.8 


3 

279 

170 

240 

64 

753 ±43.7 

Rome 

9 

117 

143 

276 

63 

598 ±31.5 


6 

! 79 

125 

292 

66 

661 ±38.9 


3 

63 

121 

290 

52 

526 ±41.0 
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due to thinning treatment. On the other hand, with the Delicious and 
Rome, 9“ and 6-inch thinning considerably increased the proportion of 
Extra Fancy apples and lowered the proportion of Cee grade. 

Conclusions 

The continuity of this experiment over a long period of time provides 
unique information on the subject of apple thinning. The results 
secured indicate that thinning of apples to as much as 9 inches apart 
can be employed without sacrifice of tonnage; that heavy (9-inch) 
thinning, while somewhat more expensive than light (3-inch) thin- 
ning, may be justified with varieties such as Delicious and Rome of 
which comparatively large sized fruit is desired; and that light thin- 
ning is preferable with varieties such as McIntosh and Newtown of 
which comparatively small sizes are popular on the market. 

Literature Cited 

1. Palmer, R. C., and Fisher, D. V. Apple thinning investigations, 1920 to 
1935. Dorn, of Canada Dept, of Agr. Tech. Bui. 10. 1937. 



Effect of Time and Amount of Harvesting on Alternate 
Bearing and Fruit Size in the Valencia Orange 

By R. W. Hodgson, S. H. Cameron, and E. R. Eggers, 
University of California, Los Angeles, Calif. 

I N southern California citrus districts, excepting only the desert area, 
the Valencia orange does not mature until well after the period of 
bloom for the succeeding crop. In the coastal areas good quality is 
usually not attained before midsummer and the shipping season ex- 
tends into early November. The normal situation therefore requires 
that during a variable, but often considerable, part of the growing 
season the trees carry two crops — the old crop, which is approaching 
maturity or being held on the trees, and the new crop, which will not 
reach maturity until the following season. Not uncommonly, a con- 
siderable part of a large crop will remain on the trees for 15 to 18 
months during the last 3 to 5 months of which the trees are also candy- 
ing the crop for the next season. 

To these facts are generally attributed the alternate bearing tendency 
long recognized in this variety and the rather widespread feeling that 
late harvesting tends to accentuate it, both of which appear to be most 
pronounced in the late, or coastal, areas. The belief is also general that 
early harvesting of part of the crop not only tends to reduce the 
alternate bearing tendency but also increases fruit size in that part 
left for later harvesting. 

With a view to ascertaining the facts concerning these beliefs, a 
preliminary investigation was undertaken in 1936 on a group of young 
trees, part of a block where the taking of individual tree yield records 
had been started in 1933 for the purpose of studying the normal bear- 
ing behavior of this variety. The initiation of a pruning experiment in 
1939, which involved cutting back alternate trees, has effectively termi- 
nated the first phase of this study, the i-esults of which appear to 
justify a report at this time. 

Experimental Materials and Procedures 

The 50 trees employed in this study are part of a lot of 300 propa- 
gated in 1927, as described by Cameron (2), and planted in May, 1929, 
as year-old buds. They consist of two rows of 25 trees, the distance 
between rows being 20 feet and between trees 12 feet. The soil is Yolo 
silt loam, of high initial fertility, uniform in texture and depth, and 
provided with excellent drainage. The trees have grown well and have 
borne excellent crops and are well above average for their age. They 
were exceptionally uniform at the time of planting and have continued 
to be remarkably so ever since. Because of their rapid growth and close 
planting in the rows, they began to crowd at about the time the differ- 
ential harvesting treatments were started. It is believed therefore that 
their bearing behavior during this period has been comparable to that 
of older and larger trees under the usual conditions of wider spacing 
in commercial orchards. 

The differential harvesting treatments began in 1936 and consisted 
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of pickings at 5 periods — February IS, April 1, June 15, August 1 
and September IS — four trees being completely harv^ested at each 
period and four trees having approximately half the crop harv^ested at 
each of the five periods and the balance October IS. In addition 10 
trees were given commercial harvesting practice ; about half the crop 
was harvested when the fruit had attained good commercial quality — 
June to xAugust — and the balance in October. Since the data for these 
trees add nothing to the comparisons they are not included in this 
report. 

For each tree the weight of crop was recorded, the number of fruits 
of each packing size determined, the total number of fruits noted and 
the average weight per fruit calculated. Unfortunately some errors 
occurred both in applying the differential treatments and in recording 
the data; they are considered not to vitiate the general conclusions, 
however. Annually since 1933, when the keeping of tree yield records 
was begun, trunk circumference measurements have been made. 

Because of the small number of trees in each treatment, statistical 
analysis of the data has not been employed. The method used has been 
to graph on one chart the behavior of each of the eight trees in any 
given comparison and to note the trends of the two treatments. In all 
cases the trends were similar at the time differential harvesting treat- 
ments were begun ; in nearly all cases they were noticeably different at 
the conclusion of this study. The data for each treatment were then 
averaged and again compared. While the individual tree data show 
considerable variability, with very few exceptions this treatment indi- 
cated decided differences in trend by the termination of the study. The 
few cases in which agreement did not occur involved treatments in 
which harvesting errors are knowm to have been made or have to do 
with midseason treatments. 

In all cases the trends of the early and late treatments were con- 
sistent. In this connection it is recognized that in these treatments 
there are two opposing factors ; in the early treatments the additional 
weight the fruit would have attained had it been left on the trees, in the 
late treatments the unavoidable loss of fruit from pilferage and drop- 
ping. It is believed that these approximately offset each other. 

In the presentation of data and conclusions which follow it is recog- 


TABLE I — A\"erage Yield (Pounds per Tree) in Differential 
Har\^sting Treatments 


Treatment 

1933 

1934 

1935 

1936 

1 

1937 

1938 

j 1939 

1940 

Feb 15 

Complete Harvesting at Period Indicated 
60.5 i 55.7 ! 102.8 1 255.7 ! 13.9 ] 

398.7 

222 7 

491.5 

Apr 1 

70.0 

23.0 

138.5 

254.2 

53.2 

369.5 

143.7 

338.0 

Jun 15 

58.2 

39.0 

140.7 

260.5 

6.5 

391.4 

93.4 

439.0 

Aug 1 

58.0 

42.2 

97.7 

287.7 

14.5 

438.0 

160.7 

495.0 

Sep 15 

48.7 

30.2 

112.0 

238.0 

7.5 

367.5 

73.7 

190.7 

Partial Harvesting, Half at Period Indicated; Balance October 

? 


Feb 15 

59.5 

19.0 

144.5 

205.2 1 

5.2 

328.0 ! 

1 13.7 

296.7 

Apr 1 

55.0 

55.5 

153.0 

286.2 

14.6 

398.0 i 

144.5 

419.5 

Jun 15 

56.5 

29.7 

137.7 

225,5 

22.1 

365,7 

79.7 

353.7 

Aug 1 

41.7 

43.2 

83.0 

254.0 

2.0 

387.5 

90.5 

249.0 

Sep 15 

66.0 

20.5 

197.5 

219.0 ! 

26.7 

336,7 

65.7 

148.5 
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nized that a more comprehensive experiment than th^|. reported 
will be required to adequately substantiate the findii^gg noted. 
It is the present plan to undertake such an experiment a + early date. 

Data and Interpretation 

General Features oj the Bearing Behavior: — From the c'' in Table 
I and Fig. 1, it will be observed that for the past 6 years I-'ironounced 
alternation in bearing has existed. Examination of the li-'^dividual 
graphs shows that prior to 1935 considerable numbers of the treC"<^s were 
in opposite stride, that all SO were together in stride in that year, f 47 in 
stride in 1936 and all together again in 1937, in which condition they- 
have since remained. It would appear that conditions favorable for 
fruit-setting must have occurred during the spring months of 1934 and 
1935, which were reflected in increase of yield in 1935 and 1936, and 
that these two relatively good crops in succession were sufficient to 
establish the alternate bearing habit in all these young trees. 

Bearing Behavior as Influenced by Time of Harvesting : — From 
Fig. 1 it seems clear that early harvesting of the crop has resulted in 
higher average yields and has tended to reduce the amplitude of alter- 
nation, and this in spite of the fact that this graph includes the only 
treatment (June) which, for unknowm reasons, is out of harmony with 
the others. By contrast, the late harvesting graph is considered to be 
abnormally high in 1940, the cause for which is believed to be the fact 



Fig. 1. Average yields of Valencia orange trees in differential 
harvesting experiment. 
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that it contains a treatment (August) in which an error in harvesting 
occurred in 1939, in that the crop which should have been harvested in 
August was picked in April. The comparison February-September 
shows much greater differences than are indicated in this figure. In 
four of the five comparisons there was complete agreement as to 
difference in trend. 

Moreover, it is evident that the same differences in trend exist in 
the treatments where half the crop was harvested at the periods indi- 
cated and the remainder left on the trees until October. Here too, 
there was agreement in four of the five comparisons. Even the August- 
September comparison showed pronounced differences in trend. 

Bearing Behamor Influenced by Amount of Crop Harvested : — 
Fig. 1 also seems to indicate that harvesting all the crop, either early 
or late, has resulted in greater increase in average yield than harvesting 
half the crop at comparable periods and leaving the balance until late 
in the season. In this comparison, however, the effect on amplitude 
of alternation is not consistent, the reason for w^hich is believed to be 
the fact, previously mentioned, that the late harvesting graph is abnor- 
mally high in 1940. There was agreement in four of five comparisons. 

Tree Growth as Related to Time of Harvesting : — ^The results pre- 
sented thus far seem to indicate a depressing effect of a large crop on 
the amount of fruit in the succeeding crop, which effect increases with 
the length of time the fruit is allowed to remain on the tree. It has pre- 
viously been noted that during on-crop seasons the trees make less 
new growth and carry fewer leaves than in off-crop seasons (2, 6), a 
possible reason for which is the continued intake of nitrogen by the 
fruit so long as it remains on the tree ( 1 ) . It has seemed to us, though 
quantitative data are not now available, that these relationships are 
less marked in the early harvested trees. That they have grown some- 
what faster than the late harvested trees since the differential treat- 
ments were begun is suggested by the graphs in Fig. 2. This is con- 
sidered to support the general conclusion previously noted. 

Size of fruit : — Table 
II summarizes the data 
available for the complete 
harvesting treatments 
and Fig. 3 depicts the 
relationships which seem 
to exist. 

Considering first the 
general trends and rela- 
tionships, it will be noted 
that increase in the num- 
ber of fruits per tree has 
occurred more rapidly 
than increase in weight 
of crop, with the result 
that both median packing 
size and average weight 
per fruit have tended to 
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TABLE II — Average Weight of Crop, Number of Fruits, Median Packing 
Size and Weight per Fruit for Differential Harvesting Treatments 


Item 1936 1937 1938 1939 1940 


Harvested June ij 

Weight of crop 260.5 6.5 391.4 93.4 439.0 

Number of fruits 795.0 21.0 1410.0 255.5 1937.0 

Median packing size 252 252 324 252 324 

Average v^eight per fruit 5.24 5.35 4.43 5.84 3.63 


Harvested August i 

Weight of crop 278.7 14.5 438.0 160.7 495.0 

Number of fruits 778.7 47.2 1343.0 656.0 1940.0 

Median packing size 216 216 216 252 288 

Average weight per fruit 5.74 4.83 5.21 4.92 4.07 


Harvested September is 

Weight of crop 238.0 7.5 367.5 73.7 190.7 

Number of fruits 695.7 35.2 1216.2 244.0 768.5 

Median packing size 216 288 216 288 324 

Average weight per fruit 4.96 3.67 4.82 4.87 3.98 


decrease, particularly in the 1940 crop. We are unable to find any 
consistent relationship between number of fruits or weight of crop per 
tree and median packing size or average weight per fruit. Thus the 
highest average weights per fruit occurred in 1936 and 1939, on-crop 
and off-crop years respectively, whereas in 1937 and 1938, off-crop and 
on-crop years respectively, the average weight per fruit was the same 
and was smaller. In 1940, an on-crop year, it was smallest, apparently 
because of the much larger number of fruits in relation to the weight 
of crop. 

In the complete harvested treatments (data not shown), with one 
exception, average weight per fruit increased as the season progressed 
and, likewise with one exception, the same trend occurred in the treat- 
ments where half the crop was harvested at comparable periods and 
the balance in October. No fruit-thinning effect w^as noted in the Octo- 
ber picking, however, one reason for which may be the fact which the 
data clearly show, namely that the first pickings consisted mainly 

of the larger fruits. 



Analysis of the data 
fails to indicate relation- 
g. ships of any kind between 
r time of harvesting or 
I amount of crop harvested 
I in a given crop and size 
I of fruit in the succeeding 

I 

I Discussion 

In comparing our re- 
sults with those of other 
workers on the same or 


Fig. 3. Average weight of crop, number of 
fruits per tree and weight per fruit in 
differential harvesting experiment. 


similar materials, it 
should be pointed out 
that our treatments were 
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applied after the fruit was substantially mature, at periods much later 
than ordinary fruit-thinning. Thus at the time of our earliest treatment, 
February 15, the fruit was 9 or 10 months old and it was only 2 or 
3 months until the period of bloom for the next crop. Increase in size 
of fruit in the current crop, from partial harvesting, was hardly to be 
expected. Our results are in agreement on this point with those of 
Waynick (4) who found that removal of about half the Valencia 
orange crop at the beginning of the harvesting season did not increase 
the growth of the fruit left. 

Several investigators have reported effects on the succeeding crop 
resulting from fruit-thinning or differential harvesting of the preceding 
crop. Parker (3) found, with both the Washington navel and Valencia 
varieties, that fruit-thinning was followed, in the next crop, by an 
increased number of fruits and a greater total volume, but smaller 
mean size. West and Barnard (5) obtained similar results from fruit- 
thinning, which were even more pronounced when all the crop was 
removed at the time of normal fruit-thinning. More comparable to our 
experiment, however, were their early, normal and late harvesting 
treatments (6). Complete agreement exists for the early and normal 
harvesting treatments but apparently not for the late harvesting treat- 
ment which, in their experiment, did not affect the number of fruits 
harvested the following season but did slightly decrease their size. 
In our experiment late harvesting rather consistently seems to have 
reduced the weight of crop the following season but we are unable to 
find any consistent relation to number or size of fruits. 

In this connection, mention should also be made of the fact that, 
whereas they report the production of large fruit of inferior quality 
in the off-crop years and of small fruit in heavy-crop years, our data 
suggest such a relationship for only 2 of the 5 years under study, 
namely 1939 and 1940. 

Conclusions 

It is believed that the data obtained in this preliminary experiment 
support the following tentative conclusions : 

(a) In southern California coastal districts the Valencia orange tree 
exhibits a marked alternate bearing tendency, (b) The heavy crops 
normally produced in the on-crop years depress tree growth during the 
current season and yield in the following crop, (c) The depressing 
effects on tree growth and ensuing crop may be reduced by early 
harvesting; lightening the crop produces a similar effect on amount 
of fruit in the ensuing crop, (d) No consistent relationship exists 
between fruit size or weight and amount of crop. 
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A Simple Method of Making Tree Injections 

By W. H. Friend, Agricultural Experiment Station, 

A, and M. College of Texas, Weslaco, Tex, 

T he idea of inducing growing plants to take dissolved chemical sub- 
stances into their vascular systems is nothing new. As early as 
1735 Dr. S. Hale recommended the injection method of treating stand- 
ing timber to the British Admiralty (2). Later the plant scientists 
Saussure and Boucherie demonstrated that plants could be induced to 
take considerable quantities of certain '‘toxic’* salts such as copper 
sulphate into their water conducting system (4). Within comparative- 
ly recent times, investigators such as Rumbold (3) and Craighead 
and St. George (1) have shown that the injection method can be used 
successfully in combating certain specific diseases and insects. 

This paper is not primarily concerned with the efficiency of the 
injection method in combating disease but is intended to call the at- 
tention of plant scientists to a simple but effective method that utilizes 
inexpensive, corrosion resistant equipment that is easily set up. Be- 
cause of its simplicity and low cost, hundreds of individual trees could 
be placed under treatment at one time. 

By accident it was discovered that a citrus tree affected with in- 
ternal dry rot could be made to absorb appreciable quantities of a 1 
per cent copper sulphate solution, to its obvious benefit. The marked 
improvement in the condition of this treated tree encouraged the 
writer to repeat the experiment with a large number of indi\nduals. 
This enlargement of the scope of the work called for a simple and in- 
expensive method, that could be used in practice, provided the in- 
jection method gave the desired results. 

Development of the Method 

Many schemes have been devised for introducing soluble chemical 
substances into the tissues of living plants in such a manner that they 
can be readily taken up by the cell sap and transported to certain parts 
of the plant structure. These methods vary from the rather crude 
technique of placing pulverized chemical into auger holes and sealing 
up the wounds (2) to the rather ingenious, continuous, drip method 
of treating girdled trees devised by Craighead and St. George (1). 

•*The method used in this test might be called the “fountain syringe” 
method of making tree injections, except for the fact that large bore 
rubber tubes (garden hose) about 3 feet long are substituted for the 
conventional type of fountain syringes. Shorter lengths of hose could 
be used, but the longer lengths increase hydrostatic pressure and do 
not require refilling quite so often. The large holes required for in- 
sertion of standard % inch garden hose also tends to increase the 
rate at which the plant “takes its medicine”, as compared with the 
hypodermic needle method. 

The auger bits used in making the holes into the trunks or limbs of 
the trees should be slightly smdier than the outside diameter of the 
fpbber hose, as this insures leak-proof insertions. The 3-foot lengths 
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of hose can ]}e tied to lath stakes or to trunk or limbs of the trees in 
such a manner that tlie free end is 2 feet or more above the point of 
insertion. The number of holes per tree and the depth of the holes 
must be governed b}^ attendant circumstances. Large trees may re- 
quire injections at several points, and’ trees infected with the faculta- 
tive parasite responsible for dry root gum disease may require one 
or more deep borings to insure complete impregnation of the dead 
and infected tissues in the heart wood of the tree with the sterilizing 
agent. In treating small plants affected with nutritional diseases, such 
as chlorosis or gummosis, a single injection is all that is needed. 

In the treatment of trees affected with heart rot, materials such 
as plant safe carbolineum, zinc chloride, copper sulphate, and sodium 
ethyl mercuric thio salicylate were used. Since iron, zinc, and copper 
are the minor elements most likely to be responsible for little leaf 
disease and chlorosis of citrus trees in the Lower Rio Grande Valley, 
water soluble salts of these metals were used in the preliminary toxici- 
ty tests. 

Discussion of Results 

This paper is concerned with the results obtained from the use of 
various materials only as an indication of the plant response from the 
injection treatment made according to this simplified method. Copper 
sulphate, in 1 per cent aqueous solutions, seemed to produce the 
greatest response from grapefruit trees affected with “little leaf” dis- 
ease, while comparable strengths of zinc chloride solutions brought 
about the greatest improvement in foliage coloration in the case of 
Temple orange trees affected with chlorosis. 

An entirely satisfactory method of measuring the efficiency of the 
treatments designed to check the spread of the weakly parasitic fungus 
responsible for internal dry rot of citrus trees has not been developed. 
The final recovery of the treated trees from the gummosis caused by 
heart rot fungus will be proof of the value of the treatment, provided 
it can be shown by “post mortem” that all dead and diseased tissues 
w^ere thoroughly impregnated with the fungicide. 

It is realized that the results herein reported may hold true only 
for the species of citrus used in these tests and that the results may 
be entirely different under less favorable environmental conditions. 
Since the method is simple and utilizes inexpensive equipment, it 
might be used by other investigators. 
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An Inexpensive Homemade Scale for Weighing Fruit^ 

By R. L. McMunn, University of Illinois , Urbana, IlL 

ITH many orchard experiments in which the fruits are involved, 
it is essential that either the weight or the size be secured. Sizing 
the fruit over most graders is generally not accurate enough with many 
experiments ; therefore, the weight of individual fruits is often secured. 
Unfortunately, weighing individual fruits is very time consuming, be- 
cause there is no inexpensive self-recording scale on the market. Such 
being the case, eight semi-self-recording scales were made this past 
summer and used in securing the individual weights of more than 
100,000 fruits. Since this scale proved so satisfactory and can be built 
in about one day at a cost not exceeding $2.00, the details are being 
passed along with the thought that they will be found useful to others. 

The scale, set up for weighing, is shown in Fig. 1. The details of 
construction and operation are given in the following paragraphs. 

The scale, with dimensions, is illustrated by a line drawing in Fig. 2. 
To the base (F) are fastened securely wooden uprights A, B, C and D. 
Piece E is used as a carrying handle, as well as a brace to keep the 
uprights rigid. Slot X and a semicircular channel (Y) are cut in the 
top of upright D. The scale beam (T) swings in slot X. Rod GG on 
which the scale beam rotates rests in channel Y, Channel Y should be 
parallel with the inside edge of piece D. The two pieces lettered P are 
made of thin sheet tin. 

Pieces G, H, I and J ex- 
tending the full length of 
the uprights should be 
well sanded and waxed 
on the surfaces that form 
the channel in which the 
recording board (L) 
slides. Pieces H and G 
should be set a full 
inch from I and J. Strip 
K, used to keep the re- 
cording board (L) tight 
against upright D, is 
made of hard 

Masonite board. Four 
inch compression springs 
(Z) are set in holes in 
upright A to furnish pres- 
sure on strip K. The 
small block (FF) should 
be placed high enough on 
upright D so that the Fig. 1. Scale set up for weighing, 

"^Assistance in testing the scales and later in using them to weigh fruit was 
furnished by personnel of Works Prepress Administration Official Project No. 
665-54-3-405 (12). 
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Fig. 2. Details for a homemade scale. 

scale beam (T) will rest on it when in the normal position, without 
letting the recording arm (AA) touch upright D. It is best to set this 
block after all other parts are assembled. 

The recording board (L), 12 by 11 inches, is made of ^-itich 
plywood. Piece M should be parallel with the left edge of the board. 
A piece of light weight tin (N), 12 by 9 inches, is fastened to the 
board, the left edge being flush with piece M. The assembly O, which 
is shown in the top view of Fig. 1, is for holding the paper on the 
recording board (L). Another such assembly is placed at the bottom 
of the recording board at a distance of 11J4 inches from the one in the 
upper end of the recording board. These assemblies are made with a 
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J^-inch stove bolt to which is soldered a washer. On the back side of 
the board, a siiiall spring is placed over the bolt to hold the washer 
tight against the tin. A leather or felt washer is glued to the washer, 
so that the paper will be held firmly. A small screw eye is placed in 
the back of the recording board near the bottom. The hook on twine R 
is fastened in this screw eye. 

The scale beam (T), 1 inch square, is made from hardwood. Piece 
U is a ^-inch length of hard glass tubing pressed into the hole in the 
scale beam. (Several of these were kept on hand for replacement if 
any cracked or broke.) The internal diameter of the tubing should be 
just slightly larger than the rod (GG) on which it rotates. The re- 
cording arm (AA) is a 12-inch hack saw blade carrying a recording 
point (BB) made from a small bolt ground to a rounded point. The 
saw blade is held rigid by the assembly shown at CC. 

The balance weight, made of lead, can be adjusted by adding iron 
washers. With our scale, w^eights close to 350 grams were used. Since 
each scale has to be calibrated, it is not necessary to have the balance 
weights the same on different scales. 

Piece Q is a length of J4”inch dowell pin to which is fastened a 
piece of strong twine (R) carrying a small hook at the free end. The 
top of a No. 3 tin can (DD) is used as the weighing pan. Board S 
is used to press against the recording pin (BB) when fruit is being 
weighed. This board should swing freely to facilitate recording the 
weights. Pieces EE are to keep board S from falling too far away from 
the recording pin (BB). 

For accurate weighing it is essential that the scale be level. When 
several scales are in use in the field, it is not practical to carry several 
levels. Such being the case, the scale is leveled in the laboratory ; then, 
using the level in a vertical position, a guide line is drawn on the edge 
of upright D and another on the outside face of D. In the field these 
lines are used as guides in leveling the scale by the use of a small 
plumb bob. 

It is also necessary to make a weight guide from which rulings can 
be made across the paper on which the weights of the fruits have been 
recorded. Such a guide is made by placing known weights on the scale 
pan and recording each on a piece of paper that has been placed on the 
recording board as outlined in the following paragraph. For example, 
if weight classes varying by 25-gram units are desired, 25-, 50-, 75-, 
etc. gram weights are placed in the pan and each weight recorded on 
the paper. The paper is removed and lines drawn through the dots, 
parallel with the left edge of the paper. The paper is fastened to a small 
board and, at the points where the lines cross the paper, small brads 
are driven into the board. This board can be placed at the end of a 
record sheet and, from the weight points, parallel lines can be drawn 
across the record sheet. A count of the dots between the lines is the 
number of fruits falling in the various weight classes. 

The operation of the scale is as follows : between two pieces of 
by 11-inch paper, insert a piece of carbon paper. Place the paper on 
the recording board (L) flush against piece M and hold in place with 
assemblies O. Slide the board down the channels I-H and J-G to the 
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bottom of the scale. Fasten the hook in the screw eye at the bottom of 
the record board. When a fruit is placed on the scale pan, the recording 
arm ( AA) swings in an arc across the paper. After the arm comes to 
rest, board S is given a light tap ; this presses the recording pin (BB) 
against the paper and records the weight as a dot on the second sheet 
of paper. After several fruits are weighed, the record board is raised 
by turning the dowell pin, and another lot is weighed. Plot, tree num- 
ber, and other pertinent data should be recorded on the paper along 
with the scale number if more than one scale is being used. The record 
sheets are accumulated to be ruled later and counts made of the fruits 
in the different weight classes. 

A^^ith a 350-gram balance weight and the scale pan hanging from the 
farthest screw eye on the beam, fruits up to about 300 grams can be 
recorded on the paper. In the drawing (Fig. 2), it will be noted that 
there are four screw eyes shown on the scale beam. These can be used 
when very heavy fruits are being weighed. With the pan hanging from 
the position nearest the balance weight, a maximum of about 550 
grams can be recorded. With this setting, the scale does not start to 
register until about 90 grams are applied to the pan. Guides, however, 
have to be made for each of the various positions from which the pan 
is hung. 



Boron in Pecan Nutrition 


By G. H. Blackmon, University of Florida Agricultural 
Experiment Station, Gainesville, Fla. 

I N 1931 and 1932 attempts were made to grow pecan seedling trees, 
without aeration, in nutrient solutions of several different concen- 
trations. The trees failed to develop properly in any of the nutrient 
solutions ; the shoot growth became stunted and the roots soon died, 
although the tops might remain green and retain their leaves for long 
periods. Following these trials, boron was added to a part of the 
nutrient solutions at the rate of 4 parts per million. The trees in these 
solutions responded and made marked improvement in growth, but 
later they showed S 3 nnptoms of boron toxicity. The subsequent nutri- 
ent solutions used contained part per million of boron and the seed- 
lings apparently recovered. This indicated response of pecans to boron 
resulted in the experiment here reported. 

Materials and Methods 

A series of sand and soil cultures were set up in 1934 to study the 
effects of boron on the nitrate absorption and growth of pecan seed- 
lings. Clean builders’ sand was used for the sand cultures and Norfolk 
loamy fine sand for the soil cultures. Tw’elve 6-gallon glazed earthen 
jars with drainage provided at the bottom of each were used as con- 
tainers for the cultures ; six for sand and six for soil Seedling pecans 
which had been started from nuts (Moore variety) germinated in clean 
builders’ sand were transplanted to each of the jars in the spring. To 
three jars of each of the sand and soil series ^ part per million of 
boron as boric acid was applied with each application of nutrients, 
while three jars of each series received the same nutrients except boron 
was omitted. 

The nutrient solutions were made up with distilled water and con- 
tained the following concentrations expressed in parts per million: 
NOs, 305.0; PO4, 601.5; K, 325.7; Ca, 58.5; Mg, 288.0, and S 94 , 
1138.0. One liter of this nutrient solution was applied to each jar 
ever}" 2 weeks during the growing season and distilled water added in 
each alternate week to keep the sand and soil moist. Iron as ferrous 
sulfate was added weekly in sufficient quantities to meet the require- 
ments of the plants. 

Results 

Leachings: — Teachings from both culture series were collected dur- 
ing the growing season between nutrient solution renewal dates and 
the nitrates in parts per million determined for each. Both sand and 
soil cultures that received boron in the nutrient solution leached less 
nitrates during the growing period of the seedlings than did those in 
which boron was omitted. The differences between the boron and no 
boron treatments were about the same for the two cultures when they 
are calculated on a percentage basis. Based on the quantity of nitrates 
in the leachings from the two cultures, it would seem that the pecan 
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TxA-BLE I — Influence of Boron on Pecan Seedlings Grown in Sand 
AND Soil Cultures Otherwise Receiving the Same 
Nutrient Solution 


Cultures 

Total 

NO, 

Leached 
May to 
Oct 1934 
(Ppm) 

Seedlings (Dormant) 

Weights, Each Seedling 1 

Oven-dry (Average) 

Total Nitrogen, 

Dry Weight 

Tops 

(Grams) 

Roots 

(Grams) 

Whole 

Plant 

(Grams) 

Tops 

(Per Cent) 

Roots 
(Per Cent) 

Sand 







Boron 14 Ppm 

308 

2.3 

12.5 

14.8 

0.57 

1.22 

No Boron 

441 

1.6 

9.6 

11.2 

0.74 

1.22 

Soil 







Boron H Ppm 

451 

1.0 

3.2 

4.2 

0.71 

1.23 

No Boron 

670 

0.4 

1.2 

1.6 

0.73 

1.47 


seedlings grown with boron in the nutrient solution absorbed more 
nitrates than did those which were grown without boron. The total 
nitrates recovered in all leachings were less from the sand cultures 
than they were from the corresponding soil cultures receiving the same 
treatments. These data are presented in Table 1. 

Seedlings : — Pecan seedlings generally grow rather slowly, but 
throughout the period of growth in the 1 year of this experiment, the 
trees receiving boron appeared to be somewhat more vigorous than 
those without boron. At the end of the experiment, the dormant seed- 
lings were removed from the cultures, washed clean, dried in the oven 
and weighed. The tops and Yoots were weighed separately to obtain 
the amount of growth for each as well as the total weight of the trees. 
The percentages of total nitrogen in the tops and roots were then 
determined. 

In Table I, it will be noted that the trees grown in sand had a larger 
total average dry weight than those grown in soil. In both cultures 
the weights of tops and roots separately were each heavier where 
boron was added to the nutrient solutions applied. The differences 
between boron and no boron in the growth of tops and roots were 
greatest in the trees grown in soil, although they made much less 
growth than did those grown in sand. 

Data for the total nitrogen, in per cent of the dry material in the 
tops and roots of the trees grown with and without boron in the nutri- 
ent solutions are given in Table 1. These data indicate that the per- 
centage of total nitrogen was higher in the tops of the seedlings grown 
without boron in both cultures than it was in those grown with boron. 
The percentages of total nitrogen were the same in the roots of the 
trees grown in the sand culture but in the soil culture the nitrogen 
content was higher in the roots to which no boron was applied. The 
data obtained seem to show that boron is necessary in the nutrient 
solution for pecans when grown in cultures comparable to those used 
in this experiment. 



Nitrogen Content of Dormant Pecan Twigs ‘ 

By G. H. Blackmon, University of Florida Agricultural 
Experiment Station, Gainesville, Fla, 

N itrogen is an important element in pecan nutrition and in 
Florida orchards it must be supplied in adequate quantities along 
with phosphoric acid and potash in the orchard maintenance program. 
It can be supplied either in commercial forms or in leguminous cover- 
crops grown and returned to the soil or by both. Experiments con- 
ducted in bearing orchards over a period of years by the Florida Agri- 
cultural Experiment Station definitely show the value of adequate 
nitrogen and the beneficial effects of organic matter in pecan soils. 

Materials and Methods 

In 1937 studies were begun on the nitrogen content of dormant 
1-year twigs grown on bearing trees in cooperative experiments. The 
varieties used included Moneymaker, Moore, Frotscher and Stuart in 
Jefferson County and Curtis and Kennedy in Bradford County. The 
twig samples were cut in January of each year from the outer portions 
of branches located in uniform positions approximately half-way be- 
tween the lowest and topmost parts of the trees. The material was 
brought to the laboratory, dried and stored in air-tight glass containers 
until analyzed for nitrogen. 

Representative trees of known performance in the various blocks 
under several treatments in Jefferson and Bradford Counties were 
selected from which the material was taken for nitrogen determi- 
nations. The soil treatments consisted of the following fertilizer appli- 
cations and cover-crop practices : 

1. Nitrogen, phosphoric acid and potash (NPK) applied in spring. 

2. NPK and legume, PK applied for growth of Augusta vetch 
(Vida angustifolia) which w^as returned to the soil, and N 
applied in summer. 

3, NPK + N, NPK applied in spring, supplemented with N in 
summer. 

4. PK and legume, applied same as the PK in 2. 

5. N applied in spring. 

6. N 4- N, N applied as in 5 supplemented with N in summer. 

7. NP applied in spring. 

8. NP + N, NP applied as in 7, supplemented with N in summer. 
The nitrogen in spring applications was derived from nitrate of 
soda, sulfate of ammonia and cottonseed meal, and in the summer 
from sulfate of ammonia. Superphosphate and sulfate of potash sup- 
plied the phosphoric acid and potash respectively. 

Results 

The data are presented in Table I and it will be noted that the per- 
centages of total nitrogen in the twigs were as high or higher for a 
particular variety where either leguminous cover-crops were grown or 

^Harding Peterson and Erie Wirt, Student Assistants, rendered valuable aid. 

211 



212 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


TABLE I— Nitrogen Content of Dormant One-Year Twigs Cut From 
Bearing Pecan Trees (Average Annually for Four Years, 
January, 1937 to January, 1940 ) 


Variety 

Kind of Fertilizer Applied 

NPK 

NPK* 

NPK + 
N 

PK* 

N 

N+N 

NP 

NP+N 

Frotscher | 

Stuart 1 

Moore 

Moneymaker j 

Curtis 

Kennedy 

Total 

0.96 

0.90 

0.89 

0,89 

0.86 

0.82 

Nitrogen i 
1.12 
0.88 
0.98 

n Twigs a 

0.90 

0.91 

0.90 

0.91 

s Per Cent 
1.09 
0.90 
0.98 

of Lhy M 

0.78 

0.89 

^eights 

0.97 

0.88 

0.84 

0.90 

0.98 

0.93 


*Average of 1.76 tons per acre (oven'dry basis) of Augusta vetch, grown and returned to the 
soil annually in these blocks. 


commercial nitrogen applied or both practices carried out in the pro- 
gram. The Frotscher variety showed a higher nitrogen content in the 
twigs where the cover-crops of legumes were grown and returned to 
the soil, and the twigs from the trees in the NPK and PK legume 
blocks had the highest nitrogen content of any of the varieties sampled. 
The nitrogen content of the Stuart twigs were somewhat lower than 
that of the Frotscher for all treatments. 

The twigs from the Moore trees in general showed a somewhat 
higher percentage of total nitrogen in the NPK and PK fertilized 
legume blocks and the N + N and NP treatments. Lower nitrogen 
contents for this variety were found in the material cut from trees in 
NPK, NPK + N and NP + N treatments. Twigs from the Money- 
maker trees showed about the same nitrogen percentages in all three 
treatments. 

The Curtis and Kennedy trees are located in an experiment in 
which NPK mixtures wnth and without extra nitrogenous fertilizers 
applied in the summer are being compared with a commercial nitroge- 
nous mixture in spring with one supplemented by additional nitrogen 
applied in summer. From the data presented in Table I, it will be seen 
that the twigs from the Curtis and Kennedy trees where sulfate of 
ammonia was applied in summer contained somewhat more nitrogen 
than for corresponding NPK and N treatments. The Curtis trees 
which received the nitrogenous mixture as the N applications in the 
spring produced twigs with an average of 0.78 per cent total nitrogen, 
which was the lowest for all the varieties sampled. 




Rooting Pecan Stem Tissue by Layering 

By Atherton C. Gossard, U, S, Department oj Agriculture, 
Meridian, Miss. 

A lthough it has been known for many years that it is possible to 
produce roots from pecan stem tissue, this has been difficult to 
accomplish, and there has been no practicable method of establishing 
desirable pecjan varieties on their own roots either for the possible 
advantages of own-rooted trees in tliemselves or for the production 
of understocks. By the use of hormones, Stoutmeyer (1) has succeeded 
in obtaining a limited production of roots by pecan cuttings, but the 
producing of scion roots in quantity by some practical method has not 
previously been accomplished. 

The author has been able to produce roots from pecan stems with 
considerable success by trench layering the tops of grafted or budded 
nursery trees, and by air layering shoots of older trees in marcot boxes, 
in conjunction with indole-butyric acid treatment* by the toothpick 
method of Romberg and Smith (2). Toothpicks prepared according 
to their method were inserted in holes drilled radially across the 
greatest diameter of the stems, and the protruding ends were broken 
off outside, so that each stem received 1 milligram of indole-butyric 
acid per inch of diameter at the place of treatment. The air-layered 
shoots received one toothpick treatment each, and the trench-layered 



Fig. L a, characteristic rooting of the l-year-old trench layered top; 
B, characteristic rooting of current season's trench layered top. 
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tops, two each about 2 
inches apart — one in old 
and one in new wood. 
The rooting on one of the 
1 -year-old trench-layered 
tops, on one of a current 
s e a s 0 n’s trench-layered 
top, and on an air-layered 
shoot, all of the Moore 
variety, is shown in Fig. 
lA, Fig. IB, and Fig. 2, 
respectively. 

The best results were 
obtained on stems that 
were layered several 
weeks prior to the hor- 
mone treatment. This 
was apparently due to 
etiolation, as wrapping 
the shoots to be air-lay- 
ered with black friction 
tape after the method of 
Gardner (3) produced 
about as good results as 
did the application of the 

Fig. 2. Characteristic rooting of air-layered . same 

pecan shoot. length of time prior to 

treatment with indole- 
butyric acid. Apparently the best conditions for root production are 
brought about by the combination of etiolation, moisture, a rooting 
medium, and a root-inducing substance. 

Although this work has been done only on small numbers of trees 
and shoots and has not yet progressed far enough to determine the 
practicability of these layering methods for establishing pecan trees on 
their own roots, it is thought the constancy and quantity of root pro- 
duction justify a report at this time. 
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Preliminary Experiments on Pruning and Training 
of One-Year Seedling Tung Trees 

By John H. Painter and Ralph H. Sharpe, C7. S. Department 
of Agriculture, Cairo, Ga. 

T he trees in American tung orchards have received very little train- 
ing. In some of the first plantings, whips were set out without any 
pruning whatever. In later plantings, the nursery trees were cut bade 
to “stumps” 8 inches to 18 inches high, and then left without further 
pruning. This produced a very low headed vase fonn tree, known 
among tung growers as a “multiple trunk” or “bush” tree. The 
branches are crowded and form rather narrow angles with the trunk, 
yet in trees up to 13 years of age, surprisingly little breakage has 
occurred. Another method which has become very popular in recent 
years is to cut back the tree severely following transplanting and allow 
only one bud to develop from the stump. This results in a single trunk, 
which, under favorable circumstances, will form what is known as a 
natural “crown” (Fig. 1). The tree forms this crown vrhen, due to 
internal physiological causes, the terminal practically ceases growth 
and loses its dominance over the lateral buds, several of which simul- 
taneously produce branches. 

The height at which crowning takes place is inherent in the individ- 
ual seedling, but it is influenced to a considerable extent by environ- 
ment. Thus, in a heavily fertilized nursery row at Bogalusa, Louisiana, 
a clone known as F-542 crowned at a mean height of 194 centimeters. 
When transplanted to the orchard, the average height of crown for 22 
of these same trees was 
123 centimeters. Under 
conditions unfavorable 
for vigorous growth, a 
given tree vrill crown 
much lower than under 
favorable conditions or 
may even fail to crown at 
all. Thus, the height of a 
natural crown may vary 
considerably, due to sea- 
sonal factors which are 
beyond the grower’s con- 
trol. 

A number of growers 
prefer to plant seed di- 
rectly in the field instead 
of using nursery stock. 

These trees develop sin- 
gle trunks and form 
crowns in much the same 
manner as transplanted 
nursery trees cut back 
and trained to a single 


\ 



Fio. 1. Two-year-old spot-planted seedling 
showing natural crown at 2^4 feet during 
first season's growth. 
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Stem. Due to slow germination of the seed, however, a considerable 
proportion of these so-called “spot planted’’ seedlings may fail to crown 
the first year. Observations in tung orchards throughout the Gulf 
States indicate these practices result in a high percentage of structurally 
weak trees. Trees that fail to crown the first year are especially unde- 
sirable since when they do crown, the branches are at a central point 
on the trunk forming a “cartwheel” or whorl of limbs. The work re- 
ported in this paper was undertaken to determine whether it is possible 
to develop better trees by some method of training. 

Work was begun at Lloyd, Florida in a large orchard of “spot 
planted” seedlings, the open pollinated progeny of a single tree. From 
seed planted in February, these trees attained a mean height of about 
100 centimeters during the season of 1939 but more than 80 per cent 
failed to crown. Only uncrowned trees were used. In early February, 
ISMO, the following treatments were set up: 

A. Control, no pruning or training. 

B. Cut back to 24 inches, allowing one bud to develop. 

C. Cut back to 24 inches, allowing tree to develop with no 

additional pruning. 

D. Cut back to 12 inches, allowing one bud to develop. 

E. Cut back to 12 inches, with no further pruning. 

F. Cut off top 3 inches of tree and notched above buds where 

limbs were desired before growth started. 

Each treatment was used in 60 trees, 10 in each of six replications. 
The arrangement in the blocks was systematic. The data are presented 
in Table 1. 

It is to be noted that unless some pruning is done, the tree that fails 
to crown the first year forms a whorl of branches early in the second 
season. These are very close together, resulting in a weak structure. 
A considerable amount of the breakage observed in commercial or- 
chards is due to this form of tree. 

The trees in this experiment were in good soil, under good culture 
and well fertilized. Those cut back either to a 12-inch or a 24-inch 
height and trained to a single trunk produced crowns with good ver- 
tical distribution of the branches, but much too high. There is a wide 
difference of opinion among tung growers as to the most desirable 
height of crowning, but 190 centimeters is unquestionably far too high. 


TABLE I— Effect of Different Pruning Practices on Number and 
Distribution of Branches 


Treatment 

Type of Tree 

Number 

Lateral 

Branches 

Formed 

Average 

Vertical 

Distance 

Between 

Branches 

(Cm) 

Average 
Height 
to First 
Branch 
(Cm) 

A 

Whorl 

6.9 

1.1 

98 

B 

Natural crown from 24 inch stump 

8.6 1 

4.0 

193 

C 


7.7 

6.3 

9 

D 

Natmal crown from 12 inch stmnp 

8.7 ! 

4.3 

196 

E 


5.5 i 

3.6 

11 

P 

Artificial head 

3,8 I 

12.6 

47 


1.0 ! 

1.2 



0.7 

0.9 
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Also eight to nine branches is too many for ultimate development of 
a strong tree. Whether cut back to a 12-inch or a 24-inch trunk, the 
number and vertical spacing of branches on the vase form tree is much 
improved over the controls. As previously mentioned, the branches 
form rather narrow angles with the trunk and whether they will prove 
stronger or weaker than the natural crown remains to be seen. 

The trees developed by cutting back and notching of buds, have, by 
far, the most desirable vertical spacing between branches. The number 
of branches can be controlled, but in this case, is rather low, due to 
losses during cultivation, which had not been anticipated. The angles 
formed with the trunk are more acute than in the case of the natural 
crown but somewhat less acute than those of the vase form tree. 
Whether the crotches will prove significantly weaker than those of the 
natural crown, time only will tell. It is now believed that it will be good 
practice to notch and force out a number of extra buds since it has 
been observed that the more branches formed on the tree, the wider 
are their angles with the trunk. Excess branches can be removed after 
danger of breakage during cultivation is over. 

Since all the trees used in this work are the progeny of a single 
parent tree, similar treatments were tried in another orchard of mixed 
seedlings with identical results. 

The data of Rolf Buckley (1) indicate that height of crowning is an 
inherited characteristic. A second test was set up to obtain further data 
on this point and to determine whether the degree of cutting back at 
time of transplanting would significantly affect the height of crown. 
In the nursery at Lloyd, Florida, the progeny of open pollinated seed 
from individual trees ranged from 56 to 181 centimeters in mean 
crowning height. One hundred seedlings that crowned at a height of 
between 60 and 75 centimeters and 100 that crowned at between 90 
and 105 centimeters in height were used for comparison ; the former 
being arbitrarily designated as low crowns and the latter as high 
crowns. These were transplanted in a single orchard, the rows alter- 
nating between high and low crowning types. In each row, the trees 
were cut back alternately to 24 inches and 12 inches high. The soil 
and culture was such as to produce very vigorous growth. Measure- 
ments were taken about the middle of July, after all the trees had 
crowned. The data are presented in Table 11. 

It is clear that those trees that crowned high in the nursery, tended 
to produce high headed trees in the orchard, but within the limits of 
crowning height used in this test, it was possible by differential prun- 
ing to make the two groups crown alike. It must be clearly understood 
that varying the cutting height is a means of raising the height of head 
on low crowned types. It is not a means of obtaining satisfactory trees 
from types that crown excessively high. 

In this very fertile field, all of the trees crowned higher than they 
had in the nursery during the previous season. By analysis of covari- 
ance, it was found that the regression of the gain in crowning height 
on height of cut is 0.944. After adjusting for height of cut, the mean 
gain for low crowned trees (45,3) is significantly greater than that of 
the high crowned group (39.4). It is believed that this must be due 
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TABLE II — Means of Cutting Height and Crowning Heights with 
Adjusted Mean Difference in Crowning Height 
After Transplanting (Centimeters)* 


Treatment 

Mean 
Height of 
Cutting (X) 

Mean 
Height of 
Crown in 
Nursery 

Mean 
Height of 
Crown in 
Orchard 

Mean Diff- 
erence in 
Crowning 
Height After 
Transplant- 
ing (Y) 

Adjusted 

Mean 

Difference 

High crown, high cut ; 

53.5 

95.5 

146.4 

50.9 

38.6 

High crown, low cut 

29.6 

96.7 

125.6 

29.9 

40.2 

Low crown, high cut 

51.7 

69.6 

123.5 

53.9 

43.3 

Low crown, low cut 

27.4 

70.0 

105.0 

34.9 

47.3 


*byx = .944. 


to local environment in the nursery. In selecting trees for the low 
crowned group, there would be a tendency to take those that had not 
only an inherent tendency to crown low, but also, ones in which the 
crown was low because of poor environment. The reverse would be 
true in selecting the high crowned group. When transplanted to the 
uniformly fertile field, the low crowned group would then tend to 
make greater gains than the high crowned ones. 

A few crowned nursery trees were transplanted to the orchard 
without pruning and others were pruned by removing only excess 
laterals. Under conditions very favorable for growth, these trees did 
exceptionally well. The results justify more extensive trials another 
year. 

As a result of these preliminary tests, it is believed that corrective 
pruning of tung trees shows considerable promise. 
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Seasonal Changes in the Carotenoid Pigments in 
the Juice of Florida Oranges 

By Erston V. Miller and J. R. Winston, U. S, Department 
of Agriculture, Orlando, Fla, 

D uring investigations on the color in the rinds of citrus fruits 
it was noted that ether-soluble or plastid pigments are largely 
responsible for the color in the flesh as well as the peel of oranges. In 
the fall of 1938 studies were begun on the progressive changes in the 
pigments of the juice of Florida oranges during the maturing season. 
This paper presents data that are typical for early, mid-season and 
late varieties of oranges. A more detailed report will appear elsewhere. 

Oranges were collected from 2S different plots. The experimental 
material consisted of 12 different varieties, some of them grown on 
two different root-stocks and some from two or three sections of the 
state. Collections were made once a month beginning in September. 

Total carotenoids in the juice were determined by the following 
method. An aliquot of juice was filtered through a No. 5 Whatman 
filter in a Buchner funnel and the residue extracted with acetone. This 
extract was transferred to petroleum ether which was then washed 
with w^ater and 1 per cent sodium carbonate and finally dried over 
anhydrous sodium sulfate. The petroleum ether extract was made up 
to a definite volume and the pigment content was determined colori- 
metrically,^ the results being expressed as milligrams of total caro- 
tenoids per liter of juice. In this instance the term “total carotenoids” 
would include carotene, cryptoxanthin and xanthophyll (lutein), the 
first two of which are precursors of vitamin A. In order to compare 
the pigment content with other constituents the following analyses 
were also made at the time of sampling: total soluble solids, total acids, 
ascorbic acid and hydrogen ion concentration. 

Table I shows the seasonal changes in carotenoid pigments, total 
soluble solids and total acids of Parson Brown (early). Pineapple 
(mid-season) and Valencia (late) oranges. It will be noted that the 
early and mid-season fruit showed a steady increase in juice pigments 
during the entire season. In the period from September to March total 
carotenoids in the juice of Parson Browm oranges increased from 2.21 
to 5.89 milligrams per liter. Corresponding figures for the Pineapple 
oranges were 1.55 and 7.04. Valencia oranges showed a regular in- 
crease in juice pigments up to and including March, and a decrease in 
the next two months. That is, they contained 2.05 milligrams in Octo- 
ber, 8.48 in March, but by April they had dropped to 7,70 milligrams 
per liter. The gradual increase in solids and the decrease in acids in 
all three varieties are also shown in Table I because it is these con- 
stituents that are customarily employed to express degree of maturity. 

It will be seen fom Table I that pigmentation of the juice cannot be 
taken as an index of maturity. Parson Brown oranges, whose shipping 

^Readings were made on a Clifford Photometer standardized with crystalline 
beta-carotene, using a blue filter which transmitted at approximately to mu. 
See Jour, Agr, Res, 60 (4) : 261. 1940. 
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TABLE I — Seasonal Changes in Total Carotenoids and Other Con- 
stituents OF THE Juice op Early, Mid-Season and 
Late Florida Oranges 


Date 

Collected 

Total . 
Carotenoids 
(Mgs Per 
Liter) 

Total 
Soluble 
Solids 
(Per Cent) 

Total 
Acids 
(Per Cent) 

Solids 
to Acid 
Ratio 

Flavor 

Sep 18.... 

2.21 

Parson Brown on Sour Orange Stock 
9.95 1 1.284 1 7.75 

Slightly sour 

Oct 23.... 

2.33 

10.53 

.818 

12.87 

Pleasantly tart 

Nov 20 

4.04 

11.30 

.708 

15.73 

Pleasantly tart 

Dec 18.... 

4.61 

11.71 

.672 

17.43 

Sweet 

Jan 22.... 

4.88 

12.17 

.575 

21.17 

Sweet 

Feb 19.,.. 

5.27 

12.49 

.455 

27.46 

Sweet 

Mar 18. . . . 

5.89 

13-00 

.445 

29.22 

Sweet 

Sep IS 1 

1.55 

pineapple Orange on Sour Orange Slock 
8.11 1 1.338 1 6.06 

Sour 

Oct 23 I 

1.57 

8.72 

.936 

9.32 

Tart 

Nov 20. . . . 

4.33 

11.00 

1.082 

10.16 

Tart 

Dec 18 

5.05 

11.30 

1.014 

11.14 

Pleasantly tart 

Tan 5. . . . 

5.51 ! 

11.90 

.998 

11.92 

Pleasantly tart 

Feb 19.... 

5.57 

12.32 

.810 

15.21 

Pleasantly tart to sweet 

Mar 18.... 

7.04 

12.90 

.624 

20.68 

Sweet 

Oct 30,... 

2.05 

Valencia Orange on Sour Orange Stock 
9.60 1 1.984 1 4.83 

Very sour 

Nov 27. . . . 

3.24 

10.40 

1.800 

5.78 

Sour 

Dec 30. . . . 

4.78 

11.49 

1.586 

7.24 

Sour 

Jan 29 ... . 
Feb 24,... 

5.87 

11.54 

1.383 

8.34 

Sour 

6.42 

11.72 

1.514 

7.74 

Tart 

Mar 26 

8.48 

12.24 

1.350 

9.07 

Tart 

Apr 22 

7.70 

12.16 

.969 

12.55 

Pleasantly tart 

May 20. . . . 

7.74 

12,87 

.858 

15.00 

Pleasantly tart 


season is October and November, and Pineapple oranges, whose ship- 
ping season is November to February, are both marketed before they 
attain their maximum pigmentation in the juice. The Valencia orange, 
whose season is March to June, is marketed for the most part during 
its decline in juice pigmentation. Flavor tests made during the sam- 
pling period illustrate the same point. The Parson Brown was pleas- 
antly tart (best flavor) in October and November and was consid- 
ered sweet during the subsequent periods. The Pineapple orange was 
pleasantly tart on December 18 and pleasantly tart to sweet on Janu- 
ary 22. The Valencia was pleasantly tart on April 22. 

Mandarin oranges {Citrus nobilis Lour.) differ from those of the 
sweet orange type (C. sinensis Osheck) by having a deeper flesh color 
and consequently a greater quantity of carotenoid pigments in the 
juice. However the seasonal changes in the pigments in the juice are 

TABLE II—Maximum Carotenoid Content Observed in Juice of 
Florida Oranges 


Total Carotenoids 
(Mgs Per Liter) 


Hamlin 

Ruby (Blood) . . 

Pineapple 

Valencia 

Parson Brown. 
Temple , 
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similar for both types of oranges. The differences between these two 
types of oranges is shown in Table II which presents the maximum 
carotenoid content of the juice observed during the season. The sweet 
oranges showed a range in carotenoid pigments of 3.60 to 8.48 with 
an average of 6.22 milligrams per liter. Carotenoids in the juice of the 
Mandarins ranged from 10.56 to 24.52 with an average of 17.39. 

The data presented here suggest that the vitamin A potency of the 
Florida orange not only varies with the variety but also increases dur- 
ing the maturing season.^ The data also indicate that the Mandarin 
oranges are much higher in vitamin A potency than other types. This 
is significant because the bulk of the oranges shipped out of the state 
are the sweet orange type. It would seem desirable to make a greater 
use of the Mandarin type of oranges as a dietary supplement for both 
man and animals if not as a source of pure carotene or other pre- 
cursors of vitamin A. 

^ ^Although this statement is based on chemical determination of carotenoid 
pigments in all the varieties, it was substantiated by biological assays on two 
varieties conducted by Dr. Lela E. Booher of the Bureau of Home^ Economics. 
Parson Brown oranges sent to Dr. Booher were found to contain 42 international 
units of vitamin A per 100 milliliters juice in October and 80 in November. 
Similarly Pineapple oranges contained 75 units in the sample collected January 
5 and 17S units on January 22. 



Protection Against Loss of Moisture in Common Storage 
by Golden Delicious Apples' 

By D. D. Hemphill and A. E. Murneek, University 
of Missouri, ColiinMa, Mo. 

A CHARACTERISTIC of Golden Delicious apples and some other 
varieties is the tendency to lose considerable amounts of moisture 
under common storage conditions, which detracts from their appear- 
ance though the quality be satisfactory. The variety being excellent 
otherwise, it is highly desirable that in connection with home consump- 
tion some method of successfully lengthening its common storage 
period be developed. Golden Delicious apples, of course, keep well for 
many months in cold storage. 

This experiment was undertaken to determine the effect of certain 
wax treatments on the loss of moisture by this variety under conditions 
of common storage. Waxing has been reported by Hitz and Haut (1) 
and by Smock (2) to decrease wilting of certain varieties of apples. 



Fig, 1. Influence of waxing upon the loss of 
moisture by Golden Delicious apples in 
common storage, 1939. 


Tests in 1939 

Representative lots of 
fruit were harvested at 
one week intervals, be- 
ginning September 18 
and continuing until Oc- 
tober 2. Lots 1 and 2, as 
designated in Fig. 1, were 
harvested on September 
18, numbers 7, 8, 10, and 
11 on September 25, and 
numbers 13 and 14 on 
October 2. A wax emul- 
sion designated by the 
manufacturer as 489- AR 
was used at 20 per cent 
concentration. The fruit 
was weighed at the time 
of treatment and on No- 
vember 11 and December 
9, or approximately at 
monthly intervals. Wast- 
age due to storage dis- 
eases was about the same 
for both waxed and un- 
waxed fruit. 

Fig. 1 shows that in 
all cases waxed samples 
lost less moisture (7.22 


"^Contribution from the Department of Horticulture, Missouri Agricultural 
Experiment Station Journal Series No. 716. 
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per cent) than did unwaxed ones (9.92 per cent). Although the 2.70 
per cent difference does not appear significant, the fruit varied notably 
in the degree of shriveling and firmness. 

Tests m 1940 

For this test the apples wett harvested on October 4 and kept in 
common storage until the treatment on October 15. Three different 
waxes and two dilutions of each were used. The fruit was weighed 
at the time of treatment and on November 9 and December 13, or at 
about the same intervals as in 1939. The temperature of the storage 
room varied from 60 degrees F to 32 degrees F during the test period, 
the average being around SO degrees F. 

The results presented in Table I show that waxing decreases the loss 
of .moisture. The average loss for the waxed fruit was 6.2 per cent and 
for unwaxed fruit 8.35 per cent, a difference of 2.15 per cent. Wrapping 


TABLE I — ^The Effect of Wrapping and Certain Wax Emulsions on 
Loss OF Moisture from Golden Delicious Apples 
in Common Storage ( 1940 )’*' 



Percentage Loss of Moisture 


November 9 

December 13 


2.13 

4.54 


4.16 

7.45 


3.81 

6.09 


5.10 

8.62 


3.61 

6.41 


4.36 

7.30 


3.73 

6.78 


5.04 

8.72 


2.76 

6.36 

Wrapped, only 

3.49 1 

8.02 

Wax (S— 112 33 per cent) 

4.01 

6.64 

No treatment 

5.00 

8.25 

Wax (S— 112 20 per cent) and wrapped. 

4.03 

6.57 

Wrapped only 

4.67 

8.10 

Wax (S— 112 20 per cent) 

4.40 

7.27 

No treatment 

4.92 

8.65 

Wax (489— A 33 per cent) and wrapped 

3.70 

6.00 

Wraoned onlv ...............1 

4.70 

8.05 

WftT (489--A 33 per cent) 

2.77 

5.15 

8.56 

6.21 

No treatment 

5.10 

Wax (4S9— A 20 per cent) and wrapped ........... 

4.80 

Wrapped only .... 

5.65 

7.97 

Wax (4SQ— A 20 per cent) 

4.46 ! 

7.50 

No treatment 

5.60 ! 

9.42 


*Experime]it begun, October 15. 


of waxed fruit decreased still further the moisture loss by .4 per cent, 
while wrapping of unwaxed fruit lowered it by 1.25 per cent. At the 
end of the test period, shriveling was very apparent of waxed but more 
so of unwaxed fruit. As in 1939, there was no significant difierence in 
the amount of wastage due to storage diseases of treated and control 
apples. 

Conclusions 

From the results of these tests, it is apparent that waxing decreased 
appreciably, and wrapping to a slight extent, the loss of moisture of 
Golden Delicious apples in common storage. Waxed as well as un~ 
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waxed fruit, however, were no longer marketable as No. 1 apples after 
approximately two months in common storage. Waxing may have a 
practical value if a relatively high humidity is maintained in the storage 
room, and if the common storage period is comparatively short. 
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Fruit Juice Concentration by Freezing and Centrifuging^ 2 

By Lowell R. Tucker, Massachusetts Agricultural Experiment 
Station, Amherst, Mass, 

T he advantages of concentrating fruit juice to reduce container, 
storage and transportation costs are generally appreciated. The 
maintenance of high quality in the concentrated product by freezing 
the juice and separating the ice from the concentrated liquid has been 
attested by Irish (4), Mottern (5), Brown and Foulk (1) and others. 
The general public is not familiar with concentrated fruit juices nor 
acquainted with juices concentrated by the freezing process. Acquaint- 
ance may come only if small activities start, prove to be practical and 
develop into industries. The numerous installations of cold storage 
lockers has made freezing facilities widely available and should furnish 
opportunities for small scale concentrating plants. 

The various procedures for accomplishing the concentration by 
freezing are based on two fundamentals, namely, (a) when fruit juice 
is partially frozen, only the water crystallizes leaving a solution con- 
taining the soluble solids, and (b) the solution may then be separated 
from the ice by some method such as the' application of centrifugal 
force. Gore (3) recommended such a procedure for concentrating 
cider. Caldwell (2) partially concentrated pectin solution by a similar 
procedure. Irish (4) confirmed the findings of Gore (3) and also 
recommended the high quality of some other concentrated juices. 
Tressler, Joslyn and Marsh (6) have given a detailed summary of 
information regarding the concentration of fruit juices. 

A method for concentrating juices by freezing and centrifuging 
that may be used at cold storage locker plants has been developed by 
the writer. The method was tried on several fruit juices to determine 
the limitations of the process and its effect on different juices. 

A summary of the concentrating method follows. Aluminum pud-*^ 
ding pans were used as containers to hold the juice during the freezing 
process. A pan was set level, filled, covered by inverting a pan of larger 
diameter over it, then the entire ensemble was inverted by a rapid 
upward swinging movement. The inverted ensemble was set on a level, 
compressed cork board or other insulating material in a cold room 
where freezing from the top and sides occurred. When about half of 
the material was frozen, the bottom pan was removed from the pudding 
pan and contents. The pan and contents were then whirled on a cen- 
trifugal plate- until the liquid was removed from the porous block of 
ice. If further concentration was to be effected, the procedure was 
repeated with the liquid obtained. 

Freezing Studies 

Considerable attention was given to the effect of the shape of the 
container on the formation of ice. The inverted pudding pan was finally 

^Condensed summary of thesis submitted in partial fulfillment for the d^ree of 
Doctor of Philosophy, Massachusetts State College, Amherst, Mass., June 1940. 
^Contribution No. 400, Massachusetts Agricultural Experiment Station. 
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selected because when placed on an insulated support, its shape caused 
the freezing to occur from the top and sides in such a way that most 
of the concentrate was in the lower central portion of the mass. It was 
more efficient than a parallel sided container in placing the concentrate 
where it could be removed by centrifugal treatment. The ice crystal 
^iggregates forming from the sides of the containers usually were ver- 
tical radial sheets. The sloping sides of the pudding pan caused the 
Rggi'^gates to point downward as Avell as inward and thereby reduced 
the crowding which perpendicular sides caused. The final result was 
that very few secondary ice crystal aggregate systems were formed 
and the concentrate between the ice was not seriously trapped (Fig. 1 ) . 

It is known that the amount and rate of freezing affect ice crystal 
formation. At low temperatures more water will eventually freeze than 
at higher temperatures, also the first ice will be formed more rapidly. 
Freezing at a slow" rate causes larger crystals to form and more space 
between the crystals than at a rapid rate. In this work relatively slow 
freezing has been most advantageous. Pudding pans of 1 gallon size 
gave more efficient results than those of 2 quart size; larger pans 
undoubtedly would have been still better. With pans of any given 
shape, an increase in size increases the volume more rapidly than the 



Fig. 1. Ice left in pan after removal of the concentrated juice by centrifue 
lorce. Note size, shape, location and arrangement of ice crystal aggregates 
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surface, reduces the rate 
of freezing, and facilitates 
separation of ice and con- 
centrate. 

Separation Studies 

Since freezing alone 
does not efficiently sepa- 
rate the ice and concen- 
trate, and a press does 
not give satisfactory re- 
sults, centrifugal force 
was used. Centrifugal 
force may be expressed 
in terms of gravities and 
the amount calculated by 
the following formula. 
Force = .000341NR- 
when N = radius in feet 
and R = revolutions per 
minute. One gallon pud- 
ding pans of frozen juice 
placed on a centrifugal 
plate and whirled at the 
rate of 1,400 revolutions 
per minute usually re- 
ceived sufficient force to 
make the separation. 

Fig, 2 shows the ma- 
chine used. It was built 
under the direction and 
with the help of Profes- 
sor C. 1. Gunness of the 



Fig. 2. The centrifuge with pan attached in 
whirling position. The large container at 
the bade is the hood for the centrifuge. 
Another view of a pan used for freezing 
and whirling may be seen on the floor 
under the drain. 


Agricultural Engineering 

Department of Slassachusetts State College. This machine was also 
used to drain juice rapidly and efficiently from cooked fruit not adapted 
to pressing. 


Juice Tests 


The methods of testing the juices, both before and after concentrat- 
ing, were as follows. Samples in 8-ounce jars were processed by 
immersion in a 180 degrees F waterbath for 20 minutes, then later 
tested at one time, and the results compared with respect to (a) soluble 
solids, (b) acid content, and (c) viscosity (Table I). Brix hydrometer 
readings of the concentrate and melted ice lots at the time of sepa- 
rations were used to calculate losses of soluble solids. 

Soluble solids content of the stored samples was determined by 
refractometer readings corrected for temperature. Acidity of the juices 
was detennined, both as the pH and the ml of 0.1 N NaOH necessary 
to neutralize the acid present in 3 ml of sample diluted with 50 m! of 
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TABLE I— -Comparative Tests of the Different Fruit Juices Before 
AND After Concentrating 



Concen- 

tration 

Viscosity j 

! 

Soluble 

Solids 

Acidity 

Kind and Variety 

Before — B 
After — A 

Temp 

Degrees 

F 

Sec- 

onds* 

Per 

Cent 

pH 

Ml. 0.1 N 
NaOH 




69 

32.7 










67 

32.6 

— 






B 

71 

81 

8.6 

3.07 

13.8 


A 

71 

384 

14.6 

3.09 

24.9 


A 

71 

260 

9.9 

3.60 

5.7 


B 

71 i 

51 

7.6 

3.15 

10.2 


A 

71 i 

379 

18.6 

3.12 

21.5 

Blueberry (pectinol treated) — Rubel. 

A 

B 

70 1 

72 1 

51 

36 

45.2 

11.7 

3.00 

3.40 

56.4 

20.5 


A 

72 ' 

172 

37.5 

3.21 

74.0 


B 

71 ; 

38 

15.4 

3.22 

33.0 


A 

71 

108 

39.5 

3.15 

93.5 

Cooked cranberry (pulp and water) . . . 
Crran.be'*“ry'~EaTly Black 

B 

B 

70 

71 

52 

35 

3.6 

7.8 

2.50 

2.40 

19.4 

45.9 

Cranberry — Early Black, 

A 

71 

79 

32.2 

2.20 

230.0 

Currant — VTilder 

B 

71 

49 

10.4 

3.10 

36.5 

CnrfflTi'f’- — XVildftr 

A 

71 

658 

24.3 

3.10 

84.6 

Elderberry — mixed. 

B 

71 

36 

9.3 

4.30 

9.9 

Elderberry — mixed 

A 

71 

90 

37.7 

4.13 

36.9 

Gra.p6 — Concord - . 

B 

71 

36 

11.1 

3.27 

15.1 

Grape — Concord 

A 

71 

77 

41.0 

3.00 

42.7 

Grape jelly stock — mixed (mostly 
Concord) 

B 

71 

39 

9.7 

3.20 

13..3 

Grape jelly stock — mixed (mostly 
Concordl 

A 

71 

288 

33.7 

2.88 

38.1 

Peach — Radiant. 

B 

71 

61 

9.4 

3.30 

10.0 

Peach — Radiant. 

A 

71 

t 

32.0 

3.39 

I 31.0 

Plum— -Albion 

B 

71 

132 

11.6 

3.14 

12.2 

Plum — Albion 

A 

71 

t 

25.5 

3.10 

30.4 

Plum — Burbank 

B 

71 

S3 

8,7 

3.00 

i 16.2 

Plum — Burbank 

A 

72 

t 

19.3 

2.80 

33.4 

Red Raspberry — Newburg 

B 

71 

40 

8.7 

2.93 

28.7 

Red Raspberry- — Newburg 

A 

71 

186 

22.1 

3.02 

74.9 

Strawberry— -Howard 17 

B 

69 

40 

7.6 

3.42 

1 12.1 

Strawberry — Howard 17 

A 

68 

136 

21.9 

3.38 

39.4 


^Seconds required to empty bowl of 50 ml. pipette at room temperature. 
tToo viscous for pipette. 


distilled water. The pH readings were taken with a Beckman glass 
electrode machine. The total acidity determinations on strawberry 
juices were made by using phenolphthalein as indicator. However, 
most fruit juices contained pigment which either masked the indicator 
color from the start or, with the addition of NaOH, changed color 
before the phenolphthalein. A different procedure was required and the 
use of the quinhydrone electrode to titrate to a pH of 7 was the 
handiest equipment available. This method was slow but gave con- 
sistent results. 

Viscosity was measured by noting the time in seconds required for 
46.6 ml of juice at 68 to 71 degrees F to flow from a 50 ml pipette. 
The last 3.4 ml space was not used because the rate of flow from this 
portion of the pipette did not resemble that from the bulb. A duplicate 
reading usually gave less than one per cent variation from the first. 

Effects of Concentrating 

The nature of materials dissolved sometimes was found to be much 
more important than the total quantity. The importance of this factor 
was greater in some juices than was expected. Concentration of grape 
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TABLE II — Rubel Blueberry Juice Concentration Data 


Concentration 

Soluble Solids 
of Concentrate 

Soluble Solids 
of Ice 

Soluble Solids 
Loss 

Per Cent* 

Pounds 

Per Cent* 

Pounds 

Per Cent* 

Before 

9.2 

2.30 







First 

18.5 

1.85 

3.3 

0.48 

20.6 

Second 

21.2 

1.01 

11.9 

0.57 

36.1 

Total 

— 

— 

— 

— 

49.3 


^Hydrometer readings. 


juice by this method caused the formation of a dark colored precipi- 
tate, probably argol, and prevented its further formation when the 
juice was stored. Intensive concentration of rhubarb juice caused for- 
mation of a large amount of precipitate. In juices from cooked fruits 
the dissolved pectinous substances and sometimes starchy materials 
increased the viscosity and became very troublesome. This rate of 
increase in viscosity was much more than the rate of increase in per- 
centage of soluble solids, (Table I) and usually limited the degree of 
concentration that could be accomplished. Elderberry and strawberry 
were the only cooked juices tested that did not seriously show such 
limitations. When pectinous juices were concentrated sufificienth' a jell 
would form that could not be readily centrifuged from the ice. Cooked 
currant, apple, peach and blueberrj" were in this class. 

The use of a pectin destroying enzyme on such viscous juices as 
blueberry lowered the viscosity to or beyond that of the uncooked 
juice so that concentration to about 45 per cent soluble solids could be 
efficiently accomplished (Tables II and III). 

The concentration of soluble solids in a juice affected the concentrat- 
ing results. With high concentrations the amount of ice formed in 
proportion to the quantity of soluble solids present was low and the ice 
sheets were small. The combined result was that each successive con- 
centrating process tended to increase the loss of soluble solids for any 
given amount of concentration. With juices from uncooked fruits, 
which usually have low" viscosities, high concentration often was the 
factor limiting the amount of w-ater removal that could be efficiently 
accomplished. 

The juices from cooked fruit usually could be concentrated to two- 
thirds or one-half volume, and the uncooked or pectinol treated juices 
usually could be concentrated to one-third to one-hfth their original 
volume or around 45 per cent soluble solids. Therefore, this method 


TABLE III — Pectinol Treated Rubel Blueberry Juice 
Concentration Data 


Concentration 

Soluble Solids 
of Concentrate 

1 Soluble Solids 

j of Ice 

! Soluble 
j Solids I.OSS 

Per Cent* 

Pounds 

Per Cent* 

Pounds 

Per Cent* 

Before 

9.2 

1.53 







First 

28.6 

1.57 

0.0 

0.00 

0.0 

Second 

46.0 

1.38 

5.0 

0.10 

6.8 

Total 

— 

— 

1 

— , 

6.8 


♦Hydrometer readings. 
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of concentration is better adapted to uncooked and pectinol treated 
juices than to cooked juices. 

Comparisons of Fruit Juices 

The juices of apple, blueberry, cherry, cranberry, currant, elder- 
berry, grape, peach, plum, red raspberry and strawberry fruits were 
concentrated (Table I). Also, unconcentrated juices of several varie- 
ties of different kinds of fruits were tested and compared. The results 
of the variety tests showed two important facts ; (a) that there is a 
wide range in the characteristics between varieties of each kind of fruit 
so that statements with regard to any one kind of fruit must be general, 
and (b) that requirements for fruits that are to be used for juices do 
not parallel standards set for fruits to be used as raw dessert,^ Dessert 
fruit varieties often have low acidity, variable and often unsatisfactory 
pectin and starch content, flesh color and skin pigments. Color, for 
example, in the cooked juices of some blueberry varieties is a very 
dark, inky, blue black ; while in others a red color also exists, which 
increases attractiveness. Also, a red tinge is found in some, but not all, 
selections of elderberries. The juice color of strawberries is equally as 
variable having, besides the expected many shades of red, also brown, 
and occasionally a bluish tinge. A bluish tinge may also be found in 
the cooked juices of some varieties of red currants and red raspberries. 

Summary 

A study of the development and pattern of ice crystal formation in 
sugar solutions and fruit juices made possible the development of a 
method for concentrating fruit juices by freezing and centrifuging that 
seemed practical on a small scale. The method is described. 

Highbush blueberry, cherry, currant, elderberry, peach, plum, red 
raspberry, strawberry, apple, cherry and grape juices obtained by heat 
extractions were concentrated and tested. The concentration did not 
injure quality of any of these juices. The amount of concentration that 
could be obtained without serious loss of soluble solids was usually 
limited by the viscosity of the juices. This was especially true with 
cooked juices. 

Treatment of the viscous juices, as blueberry, with a pectin destroy- 
ing enzyme reduced the viscosity enough to remove this factor of 
limitation to the concentrating process and permitted concentration to 
45 per cent soluble solids, about one-fifth volume. The process seems 
to possess commercial possibilities. 
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Carbon Dioxide Treatment of Strawberries and Cherries 
in Transit and Storage 

By A. Van Doren, M. B. Hoffman, and R. M. Smock, 
Cornell University, Ithaca, N. Y. 

V ARIOUS workers (1, 2, 3, 4, and 5) have demonstrated the use- 
fulness of the technique of carbon dioxide treatment of certain 
small and stone fruits. This study was undertaken to determine the 
feasibility of this procedure with certain New York varieties and to 
study the atmospheric and temperature combinations best adapted to 
these varieties. The usefulness of this technique was studied for short 
periods during transit in a gas tight refrigerated truck and during 
longer periods in storage. 


Methods 

Studies were made during transit in a gas tight, metal chamber 
known as a “Lindsay” truck body. The metal sheets had been fastened 
down on the tensioners with a layer of gun-grade caulking compound 
to insure gas-tight joints. Tests for leakage on this structure showed 
only extremely small losses of carbon dioxide. This structure also was 
insulated and refrigerated. A blower type cooler in the structure was 
capable of removing field heat at a rate sufficient to lower the fruit 
temperature of 600 pounds of strawberries from 70 degrees F to 45 
degrees F in 4 hours. The capacity of the chamber was approximately 
twelve 24-quart crates. Through a large door at one end of the chamber 
easy access could be had into the unit. The door was made gas tight 
by use of a rubber gasket seal which was covered with vaseline. By 
means of temperature indicators, thermostats, and a portable Orsat gas 
analysis apparatus the temperature and atmospheric conditions inside 
the chamber could be observed and controlled. A tube into the cham- 
ber for the introduction of carbon dioxide and a tube for the release 
of excess pressures and for sampling the atmosphere were provided. 
Liquid carbon dioxide in cylinders -was taken along on the trips and 
carbon dioxide was released into the chamber as required. 

For the longer periods of storage small gas tight chambers of 2- 
bushel capacity were used. Carbon dioxide was supplied as needed 
and daily checks were made on the concentration in the chambers. 
The concentration of COo was not allowed to fluctuate from the 
desired value more than 2 to 3 per cent from day to day. Where a 
low oxygen atmosphere was used the normal air was flushed out of 
the chamber by use of nitrogen. This was then supplanted by the 
proper mixture of carbon dioxide, oxygen, and nitrogen to give the 
desired concentrations of these constituents. 

Results 

Experiment 1 : — In order to gain information on the transportation 
and storage of New York small fruits in advance of the local season, 
the refrigerated truck was taken to Salisbury, Maryland, where 13 
cases of Chesapeake strawberries were secured. The berries were at 
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commercial picking maturity. Twelve of the crates were placed in the 
chamber, cooled, and treated immediately with 25 per cent carbon 
dioxide. One crate was left outside the chamber but in the shade as 
an air check. The return trip to Ithaca was made at night and the 
outside temperature varied from 50 to 60 degrees F. A comparable 
temperature (55 degrees) was maintained inside the chamber during 
the trip. 

On arrival at Ithaca at 7 :00 the following morning, the fruit was 
removed from the chamber, the boxes divided into 10 lots that were 
subjected to the treatments shown in Table I. Inspection of the air 
check fruit at the time of arrival in Ithaca showed that it had ripened 
up markedly and had taken on a dull red color in addition to some 
softening. It also appeared somewhat shrunken and had settled in the 
boxes. 

The condition of the berries transported with carbon dioxide inside 
the chamber was excellent on arrival, the berries being bright in 
appearance, plump, and showing no loss of water. As the berries 
showed little or no softening there was no apparent settling and the 
boxes remained well filled. There was an average of 33 per cent firm 
vrhite tips and in general the condition was still very similar to that 
at the time of picking. Three quarts were taken daily from each treat- 
ment for detailed examination. After examination, these three boxes 
of fruit were placed in a room at about 70 degrees F and with low 
relative humidity. The length of marketability after storage was deter- 
mined both from the percentages of unsaleable fruits as well as from 
the observed condition and quality of the fruit at daily examinations. 
Sweating of the fruit was eliminated by using storage temperatures 
sufficienQy high to avoid condensation of moisture on the fruit after 
removal from storage. From these studies of the behavior of the 
Chesapeake strawberry, it is apparent that a concentration of IS per 



Fig. 1. Chesapeake strawberries : Left, held continuously at outdoor tempera- 
tures in shade for 5 days. Right, held in transit for ID hours at 2S per 
cent carbon dioxide at 55 degrees F and then 4 more days with IS per 

cent carbon dioxide at 50 degrees F. 
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cent carbon dioxide at SO degrees F was the most desirable storage 
treatment for this variety. As the concentrations of carbon dioxide 
were increased up to 20 and 25 per cent, the quality declined after 
several days, although the berries remained firm, bright, and in good 
condition. The treatment in which tlie concentration of CO 2 was 
permitted to decline from 30 to 0 per cent over a period of 4 days also 
resulted in poor quality. 

Experiment 2 : — In this experiment carried on in the Hudson River 
\"alley, the same portable gas tight chamber was used with the straw- 
berry’ varieties Catskill, and Connecticut No. 123 and No. 143. This 
fruit was harvested at commercial picking maturity and placed directly 
in t!)e chamber where a concentration of 17 per cent carbon dioxide 
was maintained at a temperature of 50 degrees F for 3 days. Checks of 
these varieties were stored at the same temperature but no CO 2 was 
added to the confined air. At the end of the gas treatment the fruit 
was removed for inspection. After inspection it was held for 8 hours 
in a warm room at 80 degrees F at low humidity to simulate actual 
store or marketing conditions, and then placed in a small domestic 
refrigerator at 40 degrees F. All check lots showed a dull red color 
and a markedly ripened condition when removed from storage. The 
carbon dioxide treated fruit, however, 60 hours after removal from 
the initial carbon dioxide treatments, w^ere still bright, firm, of good 
quality and in good marketable condition. Check lots of each variety 
at this time showed a scalded condition of the fruit, a slightly sunken 
condition in the boxes, and some mold had begun to develop. 

Experiment 2 : — Catskill strawberries grown in Oswego County, 
New York, were next subjected to CO 2 treatments in the gas tight 
truck. Three crates of 24 quarts each were placed in each of the fol- 
lowing treatments: No. 1, in an atmosphere of 17 per cent carbon 
dioxide at 50 degrees F ; No. 2, in air at 50 degrees F; and No. 3, in 
air at 32 degrees F, Treatments were for a period of 84 hours. The 
berries treated with carbon dioxide were excellent in general appear- 
ance, of a high red color, firm and of good quality on removal from 
treatment. Berries kept at 32 degrees in air without additional CO 2 
were darker red in color and in a riper condition than those from the 
carbon dioxide treatment ; the quality was good although rather severe 
sweating occurred on the cold fruits Tvhen they were removed from 
the treatment. The lot kept at 50 degrees in air without additional CO 2 
was much darker red in color. Although the boxes remained full, there 
was a slight mold growth and the fruit had begun to taste slightly flat 
in flavor. 

Two cases of berries from each treatment were placed on sale at 
each of the two fruit markets in Ithaca. Consumer preference enabled 
the store clerks to sell the carbon dioxide treated fruits for 15^ per 
box, and at each store these fruits were sold rapidly. The fruit kept 
at 32 degrees in air maintained a good marketable appearance. How- 
ever, by the end of the second day the flavor was somewhat flat and 
all berries from this treatment and from 50 degrees in air were dis- 
counted in price. At various times throughout the two-day marketing 
period entire boxes of berries from the treatment at 50 degrees in air 
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’^I'ere removed and discarded in order to maintain saleable appearance 

01 the fruit. All fruits in this lot were dark red, over-ripe, scalded and 
of poor appearance and 11 quarts in all were discarded. 

E,vpcriinent 4: — Schmidt, Napoleon, and Windsor sweet cherries 
grown at Trutnansburg, New York were tested in an effort to prolong 
their nrjrnial storage life. Various combinations of carbon dioxide 
concentrations and temperature were employed as indicated in Table 
IL In one treatment an atmosphere of 5 per cent carbon dioxide and 

2 per cent oxygen was employed to determine the merit of a very low 
oxygen atmosphere. 

Results obtained with the Schmidt variety are presented in Table II. 
Results obtained with the other two varieties, in general are similar 
to those cl Jtained with the Schmidt, and are not included in this table. 
Table II indicates that the best treatment with Schmidt was 20 per cent 
carlMUi dioxide at a temperature of 40 degrees F. Upon removal from 
treatment of 4 weeks, the cherries were still marketable at room 



Fig. 2. Windsor sireet Aerries after 3 weeks storage and then held 2 days 
at /O degre^ F. Top, 20 per cent carbon dioxide at 40 degrees F. Bottom, 
70 degrees F air continuously. 
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temperature for 2 days, but by this time the flavor had declined some- 
what and it is thought that 3 weeks w'ould be about the limit for best 
storage. A slight amount of .surface pitting occurred in the Schmidt 
variety under ail treatments, but this defect did not appear in the other 
varieties tested. The use of a low oxygen atmosphere resulted in no 
better keeping than with 20 per cent carbon dioxide at the same tem- 
perature. This low oxygen atmosphere (5 per cent CO 2-2 per cent 
O 2 ) was tested because it could possibly be maintained commercially 
without the addition of carbon dioxide to the chamber, as is the case 
in controlled atmosphere storage with apples. 

Windsor seemed to respond best to an atmosphere containing 20 
per cent carbon dioxide at a temperature of 40 degrees F, While it 
was kept four weeks in this treatment in fair condition, it probably was 
not in best marketable condition after 3 weeks. The low oxygen atmos- 
phere was comparable to the foregoing treatment in its effect on the 
fruit. Fruit stems remained plump and green for this period of time. 

Napoleon sweet cherries did not respond quite as well as the other 
two varieties. After 4 weeks ^ storage they were definitely unmarketable 
because of poor quality and a discoloration of the flesh. This flesh 
discoloration appeared on all 40 degrees F CO 2 treatments, so it is 
possible that it w^as an injury due to carbon dioxide. This variety kept 
for 3 weeks with just fair quality and condition in 20 per cent carbon 
dioxide at 40 degrees F. There was somewhat less discoloration and 
slightly better keeping in tlie low oxygen atmosphere but not enough 
so to justify this treatment commercially. The stems remained in 
plump green condition throughout the test. 

Summary 

Four varieties of strawberries w^ere examined as to their response 
to various carbon dioxide and temperature combinations. These varie- 
ties kept in good marketable condition for 3 to 4 days in a continuous 
treatment of 15 per cent carbon dioxide at 50 degrees F. They re- 
mained marketable at room temperature after the storage treatment for 
a period of time sufficiently long to have them marketed and consumed 
in good condition. This treatment was superior to ordinary cold stor- 
age at 32 degrees F because of better color of berries, less sweating 
and subsequent mold, and slower ripening. 

Three varieties of sweet cherries were tested as to their adaptation 
to carbon dioxide treatments. In this study a concentration of 20 per 
cent CO 2 at 40 degrees gave the best results. Under this treatment 
the response of Windsor was better than that of Schmidt or Napo- 
leon. Three weeks seemed to be the maximum time that these varieties 
could be kept in storage in prime condition under this treatment 
although Windsor was kept in fair condition for 4 weeks. 
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Carbon Dioxide-Oxygen and Storage Relationships 
in Cranberries^ ^ 

By A. S. Levine, C. R. Fellers, and C. 1. Gunness, 
Massachusetts Agricultural Experiment Station, 

Amherst, Mass. 

F ranklin (3) first advocated the ventilation of cranberries and 
low temperature storage in 1915. As early as 1920, Morse and 
Jones (6) showed that respiration in stored cranberries was much 
higher with a rise in temperature. Shear, Stevens, and Rudolph (7) 
reported that cranberries stored in tightly closed containers spoiled 
rapidly while those stored in the presence of air kept much better. 
The spoilage was thought to be due to the accumulation of CO 2 from 
the respiring fruit. The spoilage fungi were also somewhat inhibited 
by the presence of CO 2 . Esselen and Fellers (2) demonstrated that 
the CO 2 and CO 2 /O 2 ratio are closely associated with keeping quality 
of cranberries. For example, Howes cranberries stored at 3 degrees C 
(37.4 degrees F) for 24 days contained 7.98 per cent CO 2 and 12.42 
per cent O 2 (CO 2 /O 2 ratio 0.64). When stored at 24 degrees C 
(75.2 degrees F) for 21 days, the CO 2 content was 17.62 per cent and 
the O 2 content 5.39 per cent (CO 2 /O 2 ratio 3.27). 

Wright, Demaree, and Wilcox (8) found that 2.22 degrees C 
(36 degrees F) was the most suitable temperature for storage of New 
Jersey cranberries over a 4-month period. Temperatures below 2.22 
degrees C (36 degrees F) caused low temperature breakdown. Aside 
from a general increase in acidity and decrease in pH value in storage, 
other chemical or physical changes were not significant. Clague and 
Fellers (1) found that the varieties with the best keeping qualities 
did not always have a high benzoic acid content, so that apparently 
factors other than benzoic acid content alone must be largely re- 
sponsible for the keeping properties of cranberries. Pectin and soluble 
solids content did not correlate with keeping quality. Most good keep- 
ing varieties had a high acid content 

Experimental 

Internal Atmosphere in Stored Cranberries 

A three year investigation has been completed on the changes in 
the internal atmosphere of the cranberry during storage. Determina- 
tions of the CO 2 /O 2 ratio were made using the method devised by 
Esselen and Fellers (2). Early Black and Howes varieties of cran- 
berries were used in all the experiments. They were picked when 
partly colored (somewhat immature) and when fully colored (com- 
mercially mature) and held under various storage conditions. 


^Contribution No. 392, Massachusetts Agricultural Experiment Station. 
®Dr, Henry J, FranHin, Head of the Massachusetts Cranberry Experiment 
Station at East Wareham, Massachusetts actively cooperated in this investiga* 
tion. 
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Results 

Representative data are presented in Tables I and II. While ex- 
tensive additional data were obtained, their inclusion in this paper 
would serve no useful purpose since they are largely inconclusive. 

The data indicate that as the length of storage at room temperature 
2L1 degrees C (70 degrees F) increases, there is generally a corres- 
ponding increase in the CO 2 content thereby causing an increase in 
the CO 2 ./O 2 ratio. However, when the cranberries were held at 2.2 
degrees C (36 degrees F) for several weeks, the CO 2 /O 2 ratio changed 
but little despite a slight increase in the percentage of unsound berries. 

All lots of cranberries stored at common storage, i. e. at higher tem- 
peratures, (see Table II) had higher ratios and a greater incidence 
of spoilage than those lots held at cold storages for an equal length 
of time. 


TABLE I— Effect of Storage on the Gas Content of Early Black 

Cranberries 


Storage Conditions 

Gas Content 

Time 

Temperature 

Decayed 

CO. 

0, 

Ratio 

(Days) 

(De^ees C) 

Berries 

(Vol Per Cent) 

(Per Cent) 

(Per C^ent) 

C0,/0, 

0 

■ 

6 

10.4 

14.8 

0.7 

7 

21.1* 

10 

14.0 

9.2 

1.6 

U 

21.1 

35 

17.5 

7.1 

2.5 

21 

21.1 

90 

19.8 

6.1 

3.3 

28 

21.1 

100 

19.0 

5.5 

3.6 

7 

2.2* 

7 

7.4 

14.8 

0.5 

14 

2.2 

7 

6.3 

18.0 

0.3 

21 

2.2 

10 

5.7 

17.1 

0.3 

28 

2.2 

13 

3.9 

16.5 

0.2 


* 21.1 degrees C (70 degrees F); 2.2 degrees C (36 degrees F). 


Sound cranberries commonly give CO 2 /O 2 ratios of from 0.3 to 
1.0. Such fruit normally possesses good keeping quality. When held 
at -l.l degrees C (30 degrees F) for 4 months, the cranberries seldom 
had a CO 2 , O 2 ratio over 1.0. At the higher storage temperatures, the 
ratios were usually between 1.0 and 3.0. In general, the berries picked 
while somewhat immature had a lower ratio than riper berries after 
prolonged storage. HoAvever, the maturity at picking did not seem to 
affect the rate of spoilage in storage as the immature berries decayed 
to the same extent as the riper ones. There was little difference in "the 
content of COo and O 2 in freshly picked immature and fully mature 
cranberries. 

Discussion 

^ Although in any one storage experiment with a given set of condi- 
tions, the ratio will increase and the percentage of decayed berries wdll 
increase, there is little evidence to show that one will increase pro- 
portionately with the other. However, certain generalizations can be 
made. Sound cranberries commonly give CO 2 /O 2 ratios of 0.3 to 1.0. 
Xormally, such fruit possesses good keeping quality. Cranberries 
whose C 02/''02 ratios are higher than 1.0 seldom keep well in storage. 
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TABLE II — CO3/O2 Ratios and Spoilage in Cranberries in Commercial 
Storage Houses 


Kind of Storage and 
Temperature (Degrees F) 

Howes — Partly Colored 

Howes 

— Fully Colored 

Oct 

Nov 

Dec 

Feb 

Oct 

Dec 

Feb 

30 

1.1 

co,/a 

0.89 

0.62 

Raiios 

0.76 

0.55 

1.00 

0.91 

2.78 

1.56 

1.00 

36 

0.51 

1.40 

0.81 

1,75 

60 1 

0.65 

0.49 

0.91 

1.25 

1.13 ! 

0.86 

1.56 

Cellar* i 

0.70 

0.84 

1.44 

1.80 

0.94 

1.36 

3.67 

Shed* 1 

0.36 

0.52 

0.96 

1.60 

0.75 

1.73 

2.80 

Screenhiouse* 

0.74 

0.74 

1.00 

1.86 

0.86 

0.91 

2.33 

Atwood bog storage* 1 

0.70 

0.93 

1.08 

1.88 

0.72 

1.48 

2.67 


Unsound Cranberries (Per Cent) 


30 

35 

50 

Cellar 

Shed 

Screenhouse 

Atwood bog storage. 




6 

50 


4 

32 



8 

34 


3 

38 

None 

Very 

9 

38 

None 

8 

42 


small 

11 

54 


9 

40 



10 

52 


8 

50 



8 

42 


7 

52 



7 

40 


10 

42 


Early Black — Partly Colored 


Early Black — Fully Colored 


Temperature (Degrees F) 

Oct 

Nov 

Dec 

Feb 

Oct 

Nov 

Dec 

Peb 

30 i 

0.36 

CO,/ 

0.29 

Ratio 

0.46 

r 

0.67 

0.35 1 

0.49 1 

0.92 ! 

1.29 

35 

0.27 

0.36 

0.60 

0.60 

0.36 

0.41 ! 

0,67 : 

1.50 

^ 

0.35 

0.27 

0.66 

0.84 

0.35 j 

0.50 

0.69 

1.43 

Cellar* 

0.28 


1.17 

0.^ 

0.46 1 

0.99 

0,91 1 

2.00 

Shed* 

0.19 

0.44 

0.64 

0.86 

0.38 i 

0.41 

0.64 i 

1.22 

Screcnliouse*. 

0,84 

0.41 

0.80 

0.73 

6.40 

0.50 

0.64 i 

1.33 

Atwood bog storage* 

0.30 

0.43 

0.50 

1.00 

0.60 

) 

0.59 ! 

0.79 1 

2.00 

30 

Vnu 

')und Cra 

nberries < 
24 

[Per Cent 
76 

5 

22 

70 

36 



4 

52 


5 

18 

58 

50 


Very 

small 

15 

58 


5 

24 

76 

Cellar 

None 

17 

68 

None 

j 

5 

24 

29 

Shed 

9 

44 

12 

15 

62 

Screenbouse. 



13 

42 


9 

32 

54 

Atwood bog storage 



11 

44 


6 

36 

42 


*The av^erage temperatiore range in the common storages was 60 to dO degrees F. 


TABLE III — ^Average Storage Losses in Per Cent tor Two Seasons* 


Storage Temperatures : 

(Degrees F) 

30 

35 

40 

45 

50 

Average of Four 
Common Storages 
50 to 60 Degrees P 

Early Black — picked Sep 9 : 







Stored Sep 9 to Nov 10 

3.9 

4.3 

3.4 

I 3.3 

5.9 

11.6 

Stored Sep 9 to Nov 30 

9.6 

4.8 

5.9 

1 8.0 

9.1 

17.8 

Early Black — ^picked Sep 25: 







Stored Sep 25 to Nov 10 

4.5 

3.4 

1.7 

3.1 

6.9 

12.5 

Stored Sep 25 to Nov 30 

12.8 

6.9 

4.5 : 

6.3 

13.3 

20.8 

Howes — picked Sep 25: 







Stored Sep 25 to Nov 30 

2.7 

3.7 

3.3 

4.4 

7.5 

10.6 

Stored Sep 25 to Jan 31 

32.6 

13.6 

11.5 

12.8 

19.8 

25.9 

Howes — picked Oct 15: 







Stored Oct 1 5 to Nov 30 

4.2 

2.9 

2.5 

3.0 

6.1 

7,1 

Stored Oct 15 to Jan 31 

17.1 

14.5 

12.2 

10.2 

19,7 

22.1 


*Data collected by C. I. Gunness. 
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Commercial Storage Losses at Different Temperatures 

Table HI summarizes two years’ research on storage losses in cran- 
liierries under commercial storage conditions (4, 5). The following 
conclusions seem to be justified: (a) Minimum storage losses will 
occur if cranberries are held at 35 degrees F. Extensive sterile break- 
down occurs at 30 degrees F. (b) ‘‘Green” or partly colored berries 
can be colored most satisfactorily at about 45 degrees F. (c) Storage 
losses can be reduced from 5 to 10 per cent by keeping berries at from 
35 to 45 degrees F as compared with storage in the ordinary screen- 
house at 50 to 60 degrees F. Screenhouse storages have high tempera- 
tures during September but during the late fall months, they may 
carry the fruit fairly satisfactorily. 

The practice of holding the storage at 45 degrees F during filling 
and for a period thereafter gives promise of being good management 
in that it calls for less refrigeration capacity than if the storage is 
kept at 35 degrees F from the time the berries are picked. 

Literature Cited 

1. Clague, J. A.j and Fellers, C. R. Relationship of benzoic acid content and 

other constituents of cranberries to keeping quality. Plant Phvs. 9: 631- 
636. 1934. 

2. Esselen, W, B. Jr., and Fellers, C. R. Gas content of cranberries and 

possible relationship of respiratory activity to keeping quality. Plant 
Pkys, 12:527-536. 1937. 

3. Franklin, H. J. Storage tests. Mass. Agr. Exp. Sta. Bnl 168. 1916; 

Rpt. Cranberry Snb-^Sta. 1915. 

‘4. Gunness, C. L, Franklin, H. J., and Fellers, C. R. Cranberry storage 
investigations. Mass. Agr. Exp. Sta. BuL 347. 1938; Ann. Rpt. 1937. 

' 5^ Cranberry storage investigations. Mass. Agr. E.rp. Sta. Bui. 

355. 1939; Ann. Rpt. 1938. 

‘ 6. Morse, F. W., and Jones, C. P. Studies of cranberries during storage. 
Chemical studies. Mass. Agr. Exp. Sta. Bui, 198. 1920. 

7. She.\r, C. L., Stevens, N. E., and Rudolph, B. A. Observations on the 

spoilage of cranberries due to lack of proper ventilation. Mass. Agr. Exp. 
Sta. Bui, 180. 1917; Rpt. Cranberry Sub-Sta. 1916. 

8, Wright, R. C., Demaree, J. B., and Wilcox, M. S. Some effects of differ- 

ent storage temperatures on the keeping of cranberries. Froc. Amer. Soc. 
Hart. Set. 34 ; 397-401. 1937. 



Effect of Carbon Dioxide on Apricots and Peaches Under 
Simulated Transit Conditions 

By Fisk Gerhardt, Edwin Smith, and Harley English, 

U. S, Dept, of Agriculture, Wenatchee, Wash. 

S tudies pertaining to the use of carbon dioxide as a supplement to 
refrigeration under simulated transit conditions have been reported 
for Bartlett pears (5) and for sweet cherries (6). During the past 
season additional information has been secured relative to the behavior 
of peaches and apricots in artificial atmospheres of carbon dioxide at 
different temperatures and for various periods of storage. The results 
of these studies are presented in this report. 

Most of the published work pertaining to gas storage of peaches and 
apricots has dealt with the exposure of the fruit to carbon dioxide for 
relatively short intervals. Brooks et al. (4) found the flavor of J. H. 
Hale peaches unimpaired after storage at 59 degrees F in 48 per cent 
CO 2 for 40 hours. Apricots at 47 degrees withstood concentrations of 
CO 2 gas ranging from 42 to 16 per cent for 2 days without unfavorable 
effects upon flavor. Allen and Smock (1) reported that J. H. Hale 
and Elberta peaches required 3 days longer to ripen after 6 days 
storage in IS per cent CO 2 gas at 65 degrees than air checks held at 
45 degrees. Levi cling peaches were tolerant of 11 to 14 per cent CO 2 
for 10 days at 45 degrees and required 2 days longer to ripen than did 
the check lots in air (2). Brooks and co-workers (3) found a marked 
difference in the carbon dioxide tolerance of peaches at different tem- 
peratures. One day’s exposure at a given concentration of CO 2 at 77 
degrees was likely to produce about the same degree of objectionable 
flavor as 2 day’s exposure at 59 degrees, 3 day’s at 50 degrees, or 
4 day’s at 41 degrees. Either lack of flavor or off-flavor usually restated 
when Belle or Elberta peaches were held in 25 per cent or more of 
CO 2 at 50 to 68 degrees for 24 hours or longer. The effect of gas 
treatment upon firmness and inhibition of decay was pronounced. 

Material and Methods 

Source of Fruit : — Moorpark apricots were secured on July 18 at 
the time of harvest from an orchard in the Colockum district at 
Wenatchee, Wash. The fruit was considered of average maturity for 
commercial shipping, with a firmness of 12.2 pounds pressure (United 
States Department of Agriculture pressure tester with 5/16 inch 
plunger and unpeeled fruit). The soluble solids, measured with a Zeiss 
refractometer, averaged 8.2 per cent. 

J. H. Hale and Elberta peaches were secured from a commercial 
packinghouse. The fruit was picked at the stage of maturity used com- 
mercially for distant shipment, and up to the time of placement under 
experimental storage, was handled in an identical manner with fruit 
being shipped- This included an overnight cooling period while the 
fruit was in field boxes in a room held at approximately 40 degrees F. 
Both varieties of peaches were obtained from two diferent orchards 
wherein the time of maturity was the principal variant. One series of 
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fruit caiiit troui an early crop near jMalaga, Washington, and the other 
came from a later crop in the vicinit}' of Wenatchee. The fruit from 
each orchard was well matured and possessed some yellow color at 
harvest. Other data at harvest follow : 


Orcharr! 

Variety 

Date 

I: Harvested 

1 

Firmness* 

(Pounds) 

Total Solids 
(Per Cent) 

Malaga. 

. , 1 J. H. Hale 

i August 20, 1940 

13.9 

11.0 


: Elberta 

3 August 20, 1940 

14.2 ' 

11.0 

Wer.atcaee 

J. H. Hale 

1 August 25, 1940 

12.2 

12.5 


1 Elberta 

1 August 25, 1940 

11.6 ! 

11.0 


*1*. S. Department of Agriculture pressure tester using a 5/16 inch plunger on the peeled fruit. 


Storage Procedure : — ^Well composited samples of 30 fruits each 
were held at stc»rage temperatures of 45 degrees F, 36 degrees, and 31 
degrees for various intervals. The check lots were given free access 
to the storage air and the others were held in 5, 10, and 20 per cent 
carbon dioxide. The artificial atmospheres were maintained in metal 
chandlers with water-sealed lids by adding the required gas and by 
daily adjustment to the required concentration. The relative humidity 
oi the air in these chambers may have been somewhat higher than that 
of the storage rooms which were maintained at approximately 85 
per cent. 

Ripening and Quality Obsewations : — ^After certain intervals (us- 
ually 5 and 10 days) representative lots of fruit were removed to a 
ripening room held at 65 degrees F and 85 per cent relative humidity. 
\'ariation in this procedure occurred only in the case of peaches from 
tlie Wenatchee orchard wherein ripening proceeded at 76 degrees and 
at a somewhat lower relative humidity. Changes in degree of ripening 
witliin the different lots of fruit were followed by daily organoleptic 
examination of the dessert quality, as measured by texture and flavor. 
Visual inspection included color changes in the tissue and the presence 
or absence of storage injury as manifested by discoloration of the flesh. 

Results 

The data pertaining to apricot storage are presented in Table I. 
After 5 days storage at 45 degrees F all lots of fruit ripened with juicy 
texture, good flavor, and no discoloration of the tissue. Fruit held in 
10 and 20 |>er cent CO 2 gas required from 1 to 2 days longer to ripen 
to prime dessert quality than that held in air or in 5 per cent gas. 

After 10 days storage at 45 degrees F, only the sample held in air 
ripened normally. Those lots held in 5, 10, and 20 per cent CO 2 ripened 
abnormally: the flesh remained pale apricot in color, became very 
mealy in texture, flat, and insipid in flavor, and in all concentrations 
ot CO 2 gas, showed hydrated discolored areas adjacent to the pit. 
This type of visual injury is shown in Fig. 1. The severity of this type 
of injury did not vary with the concentration of the CO 2 gas in the 
storage air, since at 5 per cent injury was as prevalent as at 20 per cent. 
In a preliminary storage experiment involving a wide range in harvest 
maturity (pressure test 17.6 to 5.2 i^unds and total solids 7.8 to 11.5 
per cent;, all lots of Moorpark apricots showed a similar tissue dis- 
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TABLE I — Effect of Carbon Dioxide Gas Storage on Moorpark Apricots 
AS Influenced by Concentration of the Gas, Temperature 
AND Length of Storage 


Days to 
Ripen at 
65 

Degrees F 

Quality When Ripened 


Texture 

Flavor 

Flesh 

Color 

Visible Injur>’ 

i 


0 

5 

10 

20 


0 

5 

10 

20 


0 

5 

10 

20 


0 

5 

10 

20 


3 

4 

5 
5 


3 

3 

3 

3 


4 

5 
5 

6-6 


3 

4 

5 
5 


Temperature 45 Degrees F, Storage Period 5 Days 


Juicy 

Good 

Deep apricot 

Juicy 

Good 

Deep apricot 

Juicy 

Good 

Deep apricot 

Juicy 

Good 

Deep apricot 


None 

None 

None 

None 


Temperature 45 Degrees F, Storage Period 10 Days 


Juicy 

Very mealy 
Very mealy 
Very mealy 


Fair 

Poor 

Poor 

Poor 


Apricot 
Pale apricot 
Pale apricot 
Pale apricot 


^ None 

Tissue discolored at pit 
Tissue discolored at pit 
Tissue discolored at pit 


Temperature 36 Degrees F, Storage Period 5 Days 


Juicy 

Good 

Deep apricot 

Juicy 

Good 

Deep apricot 

Juicy 

Good 

Deep apricot 

Juicy 

Good 

Deep apricot 


Temperature 36 Degrees F, Storage Period 10 Days 


Juicy 

Juicy 

Juicy 

Juicy 


Fair to good 
Fair to good 
Good 
Good 


Deep apricot 
Deep apricot 
Deep apricot 
Deep apricot 


None 

None 

None 

None 


None 

None 

None 

None 


coloration at the pit after 10 days storage at 45 degrees in either 5, 
10, or 20 per cent carbon dioxide. Maturity at harvest, therefore, was 
not correlated wnth this injury. 

As show^n in Table I, Moorpark apricots had a greater tolerance of 
carbon dioxide gas at 36 than at 45 degrees F. Even following 10 days 
storage no injury was observed and all gas-stored lots at 36 degrees 
ripened normally. In general it required from 1 to 2 days longer for the 
lots in 10 or 20 per cent gas to ripen to best dessert quality than for 
those held in air or in 5 per cent carbon dioxide. 

Firmness and degree of color change during storage are not shown 
in Table I, but in general it may be stated that 20 per cent CO 2 gas 
at 45 degrees F produced changes similar to air storage at 36 degrees. 
Fruit held in 20 per cent gas at 36 degrees came out of storage con- 
siderably firmer and greener than comparable lots held in 5 and 10 per 
cent GOa- Likewise, these latter lots were not as far advanced in 
ripening as those in air storage at 36 degrees. 

The data pertaining to the ripening of J. H. Hale and Elberta 
peaches after being stored in air and in various concentrations of 
carbon dioxide are summarized in Table 11. 

Both varieties of peaches were firmer and less advanced in color 
when stored in 10 and 20 per cent CO 2 than when held in. air at the 
same temperature. It usually required from 1 to 2 days longer for the 
gas-stored lots to ripen to best dessert quality. Furthermore, the effects 
of gas storage were somewhat more pronounced at storage tempera- 
tures of 45 degrees than at 36 degrees F. 

In atmospheres carrying 10 and 20 per cent CO 2 at 45 degrees F, the 
ripening rate of both J. H, Hale and Elberta peaches was retarded to 
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Fig. 1. Tissue injury of Moorpark apricots following storage at 45 degrees F 
in 5, 10, or 20 per cent carbon dioxide gas for 10 days. Upper row, air 
storage; lower row, gas storage. 

a degree comparable to that in air at 36 degrees. Likewise, similar 
concentrations of gas at 36 degrees retarded ripening to an extent 
comparable to air storage at 31 degrees. In no case did the use of 
carbon dioxide as recorded in Table II result in abnormal ripening 
as judged by lack of juiciness, prevention of color change, or develop- 
ment of off-flavors. Injury or discoloration of the flesh of the fruit, as 
shown in Fig. 1 for apricots, was not observed in any of the gas-stored 
lots of peaches. Elberta and J. H. Hale peaches, therefore, possess a 
greater tolerance of carbon dioxide than do Moorpark apricots. 

After peaches from the Wenatchee orchard were held in the ripening 
room at 76 degrees F for 6 days, both J. H. Hale and Elberta which 
had been stored in 20 per cent CO 2 were slightly firmer but possessed 
no better flavor than check lots held in air storage. In fact, after this 
long an exposure to 76 degrees the flavor of both varieties stored at 
31 degrees in air was slightly better than that of any of the gassed lots. 
It was not possible to detect any beneficial "residual effect” from the 
use of carbon dioxide during storage. When such fruit was ripened it 
did not maintain its prime dessert quality for a longer period than 
similar lots stored in air. 

Discussion and Conclusions 

The use of carbon dioxide in the transportation or storage of Moor- 
park apricots should be attempted with caution. Abnormal ripening 
of the fruit and break-down or discoloration of the flesh may result 
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TABLE II — Effect of Carbon Dioxide Gas Storage on Peaches as 
Influenced by Concentration of the Gas, Temperature, 

AND Length of Storage 



J. H. Hale (Malaga Orchard) 

Elberta (Malaga Orchard) 

co» 

(Per 

Cent) 

Days to 
Ripen at 

65 

Degrees F 

Quality When Ripened 

I 

Days to i Quality When Ripened 

R ipftn a t 

Texttare 

Flavor ^ 

1 

65 1 

Degrees P | Texture | Flavor 


Temperature 45 Degrees F, Storage Period $ Days 


0 

3 

Juicy 

Good 

5 

Juicy 

5 

3 

Juicy 

Good 

5 

Juicy 

10 

5 

Juicy 

Good 

7 

Juicy 

20 

5 

Juicy 

Good 

7 

Juicy 


Temperature 45 Degrees F, Storage Period lo Days 


0 

3 

Slightly mealy 1 Fair to poor 

3 

Slightly mealy 

5 

3 

Slightly mealy Fair to poor 

3 

Slightly mealy 

10 

3-4 

Fairly juicy Fair to poor ! 

4 

Fairly juicy 

20 

3-4 

Fairly juicy 1 Fair to poor 

4 

Fairly juicy 


Temperature j 6 Degrees F, Storage Period s Days 


0 

5 

Jtucy 

Good 

7 

Juicy 

5 

5 

Juicy 


7 

Jtiicy 

10 

6 

Juicy 

Good 

7-8 

Juicy 

20 

6 

Juicy 

Good 

> 7-8 

Juicy 


Temperature 36 Degrees F, Storage Period 10 Days 


0 

4 

Fairly juicy 

Fair 

4 

Fairly juicy 

5 

4 

Fairly juicy 

Pair 

4 

Fairly juicy 

10 

4-5 

Fairly juicy 

Fair 

4 

Fairly juicy 

20 

4-5 

Fairly juicy 

Fair 

4-5 

Fairly juicy 


Temperature 31 Degrees F, Storage Period s Days 
0 1 6 I Jtiicy I Goal | 7-8 1 Juicy 

Temperature jrx Degrees F, Storage Period 10 Days 
0 1 4-5 1 Fairly juicy 1 Fair “} 4-5 | Fairly juicy j 


Fair 

Fair 

Fair 

Fair 


Fair to poor 
Fair to poor 
Pair to poor 
Fair to poor 


Fair 

Fair 

Fair 

Fair 


Fair 

Fair 

Fair 

Fair 


Fair 


Fair 


CO 

At 76 

J. H. Hale 

At 76 

Elberta 

(Per 

Cent) 

I>egre«P 

(Wenatchee Orchard) 

Degrees P 

(Wenatchee Orchard) 


Temperature 45 Degrees F* Storage Period 10 Days 


0 I 2 ! 

Juicy 

Good 

2 

Juicy 

5 2 

Juicy ! 

Good 

2 

Jtijcy 

10 1 4 j 

Juicy 

Good 

4 

Juicy 

20 4 

Juicy ' 

Good 

4 

Juicy 


Temperature 36 Degrees F, Storage Period 10 Days 


0 

4 

Juicy 

Good 

4 

Juicy 

5 

4 

Juicy 

Good 

4 

Juicy 

10 

5 i 

Juicy 

Good 

4 

Juicy 

20 

5 

Juicy 

Good 

5 

Juicy 


Fair to good 
Fair to good 
Fair to good 
Fair to good 


Pair to good 
Fair to good 
Pair to good 
Fair to good 


0 1 5 


Temperature 31 Degrees F, Storage Period 10 Days 

Juicy I Very good 1 5 1 Juicy \ Fair to good 


from the limited tolerance of apricots for carbon dioxide gas. Correct 
temperature and length of storage are more vital to successful results 
than are maturity of the fruit or concentration of the gas. At 45 degrees 
F the fruit could be held in 20 per cent carbon dioxide gas for 5 days 
without injury to flavor, tissue, or ripening capacity. Unfavorable 
results should be expected following the use of as little as S per cent 
gas if the storage period is extended to 10 days. At 36 degrees Moor- 
park apricots tolerate concentrations of 20 per cent carbon dioxide for 
a period of 10 days. Fruit stored under these conditions required 
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approximately 2 days longer to acquire optimum dessert quality than 
clieck lots held in air storage. 

J. H. Hale and Elberta peaches were tolerant to concentrations of 
carbon dioxide as high as 20 per cent for a period of 10 days at 
temperatures of either 36 or 45 degrees F. Gas concentrations of 
10 and 20 per cent effectively retarded color development and soften- 
ing during storage. This retardation was generally more significant at 
45 than at 36 degrees. Storage in 20 per cent gas at 45 degrees was 
similar to that in air at 36, while at the latter temperature a like concen- 
tration of COo approximated the results obtained with air-storage at 
31 degrees. While it usually required from 1 to 2 days longer for the 
gas-stored fruit to attain optimum dessert quality than for similar lots 
held in air, the length of time that such fruit remained in prime dessert 
quality was not significantly different from that stored in air. In other 
u‘ords. there was no apparent "residual effect’’ from the use of carbon 
dioxide gas that would lengthen the period over which the ripened 
fruit couid be consumed. 

If a temperature of 36 degrees F could be maintained in refrigerator 
cars, the use of carbon dioxide during shipment of peaches would not 
be justified. Wuth temperatures of approximately 45 degrees prevailing 
in transit, the use of this gas in concentrations of 10 to 20 per cent 
might permit peaches to be shipped when harvested at a more mature 
stage. Should the use of gas not be feasible, approximate results could 
be attained by precooling the fruit to 31 degrees and maintaining the 
transit temperature as near to 36 degrees as possible by the use of 
ice and salt. 

Should it appear desirable to use solid carbon dioxide in the ship- 
ment of peaches, these studies indicate that no detrimental effects upon 
flavor or ripening of J. H. Hale or Elberta varieties would occur pro- 
vided conditions in the refrigerator cars did not vary greatly from 
those in this investigation. 
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Further Studies Relating to the Effects of Certain Waxing 
Treatments on the Subsequent Storage Quality of 
Grimes and Golden Delicious Apples^ 

By C. W. Hitz and I. C, Haut, University of Maryland, 
College Park, Md. 

T he results of preliminary work on the effects of waxing Grimes 
Golden and Golden Delicious apples in relation to subsequent wilt- 
ing and scald development in storage have been previously reported 

This report presents the results of additional studies on the effects 
of waxing with Brytene 289 and 289 AR, in 1939, diluted with two 
parts of water on these two varieties, particularly when pre-ripened 
(held at 60 degrees F) for various periods before placing in cold 
storage. 

Methods 

Although the methods used in 1938 have been previously reported 
(2), they are repeated here since the study was not complete at the 
time of that report. For the sake of brevity, additional studies on the 
previously reported Grimes samples from the University orchard are 
not reported here. 

At weekly picking intervals about 3 bushels of each Grimes and 
Golden Delicious were selected from two commercial orchards. On 
the day of picking all fruits were hauled into the laboratory where 
they were divided into eight equal and randomized lots, and were 
packed in bushel open hampers for cold storage after receiving the 
following treatments: 1, Waxed on day of picking; 2, not waxed; 
3, held 1 week at 60 degrees F, then waxed; 4, held 1 week at 60 
degrees F, not waxed; 5, held 2 vreeks at 60 degrees F, then waxed; 
6, held 2 weeks at 60 degrees F, not waxed : 7, held 3 weeks at 60 
degrees F, then waxed ; 8, held 3 weeks at 60 degrees F, not waxed. 

To follow the weight changes under the different treatments, 10 
apples of each lot were marked and weighed for each picking date at 
the time of the waxing treatments, or when the samples were placed 
in storage. To remove any effect of unequal storage periods, fruits of 
each treatment from the different picking dates were left in storage the 
same number of weeks before grading or additional weighings. These 
weighings were made 5, 12, 21 and 24 weeks after picking. The grad- 
ing was done 21 and 24 weeks after picking and consisted of a determi- 
nation by number of all wilted, scalded and rotted fruits. Following 
the grading at 21 weeks the unblemished or perfect apples were placed 
in a storage room at 60 degrees F, and after 3 weeks the fruits were 
again weighed and graded. Weight losses were calculated in grams per 
1,000 grams of the original weight of the 10 marked apples. 

The procedure for the 1939 studies was very similar to that em- 
ployed in 1938. At four picking dates Grimes Golden apples were 

^Scientific Contribution No. 532, Department of Horticulture, Maryland 
Agricultural Experiment Station, 
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TABLE I— Weight Loss at the Storage Examinations for Waxed and 

Ux WAXED GRI3.1ES GOLDEN AND GOLDEX DELICIOUS ApPLES GiVEN 
Various Pre-Ripening Treatment Before Storage ( 1938 ) 


Weight Lost in Grams Per 1,000 Grams Original Weight 


Tre. 

fitment 

End of 


! 




Pre- 

End of 

i End of 

End of End of 



i Ripening ; 

5 "Weeks 

1 12 Weeks 

21 Weeks 24 Weeks 



Period i 


1 

1 



Crimes (Orchard 2 ) 


Waxed immediate! V i 15.6dbl.7 29.5 ± 2.8 42.9 =t 4.3 60.4db 9.2 

Not waxed > i 29.0=i:4.0 48.7 ± 8.7 73.5 ±12.6 95.6 ±18.2 

Pre-ripened I wk, waxed j 11.2 ±4.9 ! 22.2 ±5.6 5.2 ± 6.4 45.7 ± 5.3 60.6 ±13.1 

Pre-ripened 1 wk, not wajced ; 11.2 ±4.9 i 29.2 ±4.6 47.7 ± 7.9 67.6 ±16.2 88.4 ±20.7 

Pre-ripened 2 wk, waxed 19.0 ±4.3 27.4 ±5.2 38.8 ± 6.4 51.6 ± 7.2 66.9 ±10.8 

Pre-nper.ed 2 wk. not waxed.. . 19.0±4.3 31.0±5.1 49.4± 7.7 76.1 ±19.1 95.6±19.5 

Pre*ripened 3 wk, waxed i 26.4 ±2.7 ! 31.4 ±3.0 47.2 ± 8.8 59.3 ± 8. 70.6 ±10.2 

Pre-ripened 3 %vk, not waxed,. . .i 26.4 ±2.7 i 32.0 ±4.4 i 50.7 ±10.0 74.8 ±13. 87.25 ±19,3 

Gtdden Delicious 

Wa.xed immediately ' 23.6 ±2.6 44.9 ± 4.4 68.5 ± 7.2 

Not waxed i 34.8 ±2.3 63.5 ± 4.8 98.3 ± 7.9 

Pre-ripened 1 wk, waxed i 14.9±2.8 31.3 ±1.5 51.4 ± 2.0 75.2 ± 1.9 

Pre-ripened I wk, not waxed. . . . j 14.9 ±2.8 39.5 ±0.3 67.1 ±3.2 105.7 ±10.9 

Pre*ripened 2 wk, waxed 


Pre-ripened 2 wk, not waxed 

Pre-ripened 3 wk, w'axed 35.9±4.3 41.8±5.1 62.7 ± 9.2 86.4±10.9 

Pre-ripened 3 wk, not waxed.... 35.9 ±4.3 44.2 ±5.8 72.2 ± 9.4 109.45 ±14.4 - ■ ■ 


obtained from the same commercial orchard and the same methods 
of packaging and determining weight changes \vere followed. To deter- 
mine tlie influence of delays of less than 1 week before waxing upon 
subsequent scald development, duplicate lots of apples were given the 
following treatments : 1 , Waxed : immediately after picking, and after 
2, 4, and 7 days of pre-ripening at 60 degrees F ; (duplicate samples 
were placed in cold storage the day of waxing) . 2, Not waxed : dupli- 
cate samples were placed in cold storage immediately after picking 
and after 2, 4, and 7 days of pre-ripening at 60 degrees F. Storage 
conditions were also slightly different than in 1938. 

During the latter part of December the refrigerating machine de- 
veloped trouble and for approximately a week the temperature of the 
room reached 45 to 50 degrees F. Since the storage room is of the 
forced draft type, there was very little air movement when the ma- 
chinery ceased operation, and conditions favoring prevalence of storage 
scald existed. These abnormal conditions, however, inadvertently per- 
mitted a more significant analysis of the influence of the wax treat- 
ments upon severity of scald* than would otherwise have been en- 
countered. Following the storage period these apples were ■weighed 
and graded as described previously, wdth the exception that apples 
showing both wilt and scald were counted in a category separate from 
either wilted or scalded fruits so they could be considered with either. 
After grading, the fruit was again exposed to the higher temperatures 
as in 1938, but additional grading was not done because of the poor 
condition of all samples. 

To determine the efficacy of the wax when used with commercial 
packages, standard packed bushel baskets of Golden Delicious were 
sdected September 20, 1939 from a commercial packing house and 
given the following comparative treatments: 
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Treatment and Storage 

No. Bushels 


Placed at 60 degrees F when packed; waxed before 

60 degrees F storage 2 

Placed at 60 degrees F when packed ; not waxed be- 
fore 60 degrees F storage 2 

Pre-ripened 1 week at 60 degrees F ; waxed before 

cold storage 4 

Pre-ripened 1 week at 60 degrees F ; not waxed be- 
fore cold storage 2 

Pre-ripened 2 weeks at 60 degrees F; waxed before 

cold storage 4 

Pre-ripened 2 weeks at 60 degrees F ; not waxed be- 
fore cold storage 2 

Pre-ripened 3 weeks at 60 degrees F ; waxed before 

cold storage 4 

Pre-ripened 3 weeks at 60 degrees F ; not waxed be- 
fore cold storage 2 

Placed in cold storage when packed; waxed before 

cold storage 3 

Placed in cold storage when packed ; not waxed .... 4 


Baskets from common storage were graded after 6 weeks at 60 
degrees F, and the cold storage samples were graded in January, 
Grading consisted of the segregation of rots, wilted and good fruits 
from each basket. Each portion was weighed, and separate baskets 
of identical treatment were considered as replicates. 


Results 


The weight changes for the Grimes Golden and Golden Delicious 
for 1938 are given for the entire storage season in Table I. The signifi- 
cance of the wax treatment is more clearly revealed in the analysis 
of variance summaries in Table II. The value of the wax in reducing 
weight loss during the 3-week period following removal from cold 
storage is particularly important and is of statistical significance as 



Fig. L Grimes Golden 1938. Per cent wastage of waxed and unwaxed fruit 
when given various pre-ripening treatments at time of harvest followed 
by cold storage for 21 weeks from date of picking. 
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TABLE n~\\'ErGHT Losses in Grams per 1,000 Grams Original Weight, 
AT Vatjovs Examinations of Grimes Golden During 1938 
Resulting Fro^i Certain Treatments Following Har- 
MiST AND Tests for Their Significance 


Mear. 


Necessary for 
Significance 


Treatn-.er.t 

1 Loss* 

! {'Grams'? 

i 

5 

Per Cent 

Per Cent 


Af.'er 21 TFcvfe.T From Picking 

Waxed 

Not waxed 

49.2 : 

71.2 ! 

19.1 

27.2 


; 1 



Pre-rioen } week 

Pre-ripen 2 weeks 

Pre-rinen 3 w'eekii 

i 56.6 ; 

1 64.1 i 

i 62.6 1 

14.1 

19,2 



Harvest 

Date** 


Afifr 24 nVfAJ From Picking 


Waxed 

! 

i 64.8 

■ 

20.6 

ij 

i.L 

Not W''a.\ed 


i 

No pre-ripening 

Pre-ripen 1 week 

Pre-ripen 2 weeks 

i 78.0 

1 74.8 i 

1 81.3 

14.8 

i 

il 

Pre-ripen 3 weeks 

i 79.2 1 


li 


Aug 14 
Aug 23 
Aug 30 
Sep 6 
Sep 13 
Sep 23 


Harvest 

Datef 


Waxed 

Not waxed , 


Aug 14 
Aug 23 

Aug 30 
Sep 6 
Sep 13 
Sep 23 

Weight LossSor 3 BVeAx at 60 Degrees F Following Cold Storage 

i : 'I Harvest 

20:2 i <•••* i L 


No pre-ripening. . . 
Pre-ripen 1 week. . 
Pre-ripen 2 weeks. 
Pre-ripen 3 weeks. 




20.0 

17.0 

17.3 

16.3 


6.7 


i 


Aug 14 
Aug 23 
Aug 30 
Sep 6 
Sep 13 
Sep 23 


56.6 

51.7 
48.8** 
60.0 
70.9 
73.3 


72.0 

66.1 

6^t 

77.8 

91.8 
99.1 


15.1 

14.0 

14.4 
17.7$ 

20.5 

25.5 


* Differences secured by analysis of variance. 

** Necessary for significance: 5 per cent, 10.5; 1 per cent, 15.< 
t Necessary for significance; 5 per cent, 12.1. 

$ Necessary for significance: 5 per cent, 2.8. 


□ wr C sc*. 



Fig. 2. Grimes Golden 1938. Per cent wastage of waxed and tinwaxed fruit 
when given various pre-ripening treatments at time of harvest, followed 
to ^ storage tor 21 weeks from date of picking and thereafter held at 
60 degrees F for 3 weeks, to simulate market conditions after storage. 


HITZ AND HAUT : WAXING TREATMENTS 253 


TABLE III — Weight Losses, in Grams per 1,000 Grams Original Weight, 
AT THE End of the Storage Periods of Grimes Golden and Golden 
Delicious Resulting From Certain Treatments Following 
Harvest and Tests for Their Significance 




Necessary for 



^lean 

Significance 

Mean 

Treatment | 

Loss* 


i. Treatment \ 

Loss 


(Grams) 

5 

1 'i 1 

(Grams) 


! 

Per Cent 

Per Cent ,! i 



After 31 Weeks From Picking (Golden Delicious 



76.6 

16.6 

22.3 


103.6 




No pre-ripening 

i 83.4 



Pre-ripen 1 week j 

90.4 

11.7 

13.7 

Pre-ripen 2 weeks I 

1 88.0 

Pre-ripen 3 weeks 

1 99.0 




; Harvest 
,i Date** 


;i Aug 30 
Sep 7 
i: Sep 1 5 
'! Sep 24 


84.5 

83.5 


02.7 

99.1 


After 22 H'Vefes From Picking (Grimes Golden I 93 tj) 


Waxed 


M/S' 


Harv'est 

Datef 



Aug 21 
Aug 28 
! Sep 4 

No pre-ripening 




Pre-ripen 2 days i 

Pre-ripen 4 days 1 

Pre-ripen 7 days i 

6x3^ 

h»fj 

4^/7 

1 Sep 1 1 


-erd* < 0(0 
^ 7ti 

— Ss 


* Differences secured by analysis of variance. 

** Necessary for significance: 6 per cent, 11.7; 1 per cent, 15.7. 
t Necessary for significance: 5 per cent, 1 per cent, <4?^. 

/3 ^7 

shown in the last section of the table. The results of grading are shown 
in Figs, 1 and 2, and again the effect of the wax in reducing wilt is 
evident. The 1939 results, presented in Table III and Fig. 3, confirm 
the observations made in 1938 concerning the efficacy of the wax in 
reducing weight loss and wilting during storage. 


too 


«0 
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Fig. 3. Grimes Golden 1939, Per cent wilt of waxed and unw'axed fruit 'when 
given various pre-ripening treatments at time of harvest followed by cold 
storage for 22 weeks from date of picking. 
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The effect of the pre- 
ripening treatments up- 
on weight loss was less 
marked as the storage 
season advanced. Al- 
though the pre-ripened 
samples entered storage 
with a higher initial loss 
than those stored imme- 
diately, these differences 
at the end of 21 weeks 
were no longer large. 
Only in Golden Delicious 
(Table III) were there 
any significant differ- 
ences that can be attribut- 
ed to delay in storage and 
then only when the fruits 
pre-ripened three weeks 
are compared with the 
samples stored immedi- 
ately. As indicated by the 
data tor Grimes Golden in Tables II and III, the pre-ripened periods 
caused no significant differences in weight loss, and in many cases the 
samples pre-ripened for one week had a lower weight loss than cor- 
responding samples stored immediately. 

With both varieties significant differences between certain dates 
occurred in eveiy test where more than one picking was made, as 
indicated by data in Tables II and III. These data indicated that the 
lowest weight losses during storage occurred with those pickings made 
in mid-season, whereas higher losses were associated with the earlier 
and later pickings. Of interest are the larger losses associated with the 
later picking dates or the more advanced maturity. 

The results from the commercially packed Golden Delicious of 1939, 
as indicated in Fig. 4, show a reduction in wilting in the waxed samples 
which is of commercial importance. This influence was evident both 
in cold storage and at 60 degrees F. Although pre-ripening for 2 or 
3 weeks materially improved color both in 1938 and in 1939, the 
practi^bility of long storage following pre-ripening of iriore than one 
week is limited by the increased wastage. 

In 1938 pre-ripening Grimes Golden for 1 week at 60 degrees F 
adequately precluded scald development both during the storage period 
and after the fruits were removed from cold storage (Figs, 1 and 2) . 
With the abnormal storage conditions which prevailed in 1939 no pre- 
ripening period was eff^tive in controlling scald. From the results pre- 
sented in Fig. 5, there is some indication that the longer pre-ripening 
periods were somewhat more effective for the late picking dates, but 
the differences w^ere insufficient to have commercial application. 

Although the wax retards weight loss and wilting of immediately 


E3R0? 


w 30 


DAYS 

0E5-AY 



NOT WAXED 


TREAT WAXED 

Fig. 4. Golden Delicious 1939. Per cent 
wastage of waxed and unwaxed fruit 
when given various pre-ripening treat- 
ments at time of commercial packing and 
followed by cold storage until Tanuarv 
1940, 
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TREAT WAptEO NOT WAXEO WAXED NOT WAXED WAXED NOT WAXED WAXED NOT WAXED 


Sat“’' AUC 2® SEPT 4 SEPT It 

Fig. S. Grimes Golden 1939. Per cent wastage of w’axed and unwaxed fruit 
when given various pre-ripening treatments at time of harvest followed by 
cold storage for 22 weeks from date of packing. Excludes wilt except 
where scald was also present. 

stored and pre-ripened apples, certainly at the concentration used in 
1939, Brytene 489 AR did not reduce the severity of scald. 

Discussion 

As revealed by the reduced number of wilted fruits at the time of 
grading and the decreased weight losses, waxing fruits with the mis- 
cible wax materially checked moisture loss under all storage conditions 
studied. 

The reduction in wilted fruits for the Grimes samples picked the 
first week in September of both years is of interest (Figs. 1, 2 and 3). 
The increased amount of wastage graded from samples on dates on 
either side of this harvest date seems to indicate the relatively short 
picking period at which wilt can be well controlled without supple- 
mentary measures. This difference, if loss in premature samples can be 
attributed to lack of lenticel seal, may be due to the breakage of this 
sealage by continued fruit growth, as suggested by Clements ( 1 ) . 

Smock (3) suggests that the effect of the w^ax emulsion upon scald 
development on Rhode Island Greening is dependent upon fruit matur- 
ity, the nature of the emulsion and its concentration. It has been pointed 
out that both fruit maturity and the pre-ripening period had an 
influence upon scald on Grimes in 1938 and in 1939, but that the effect 
was much more important in 1938 tlian in the following year when 
storage conditions favored scald development. In both years the in- 
creased efficiency of the pre-ripening periods in reducing scald as the 
fruit became more mature is evident. On both waxed and unwaxed 
fruits the 1938 results indicate the best method of securing scald 
control, especially on the most immature samples, is by pre-ripening 
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for one week or more. Although these pre-ripening periods^ caused a 
higher initial loss of weight, the differences were not statistically sig- 
nificant when the whole storage period was considered. 

Conclusions 

Waxing Grimes Golden apples with Byrtene wax 489A or 489AR 
significantly reduced the weight loss during the storage seasons of 1938 
and 1939. The wax retained its effectiveness in retarding weight 
changes when the samples were held three weeks at 60 degrees F 
following 21 weeks in cold storage. The effectiveness of the wax treat- 
ments was reflected in the reduced number of wilted fruits graded 
from Grimes Golden and Golden Delicious at the end of the storage 
periods. 

Waxing the fruit after pre-ripening for 1 week at 60 degrees F 
adequately precluded development of storage scald in 1938. However, 
under the abnormal storage conditions of 1939, pre-ripening periods 
shorter than 1 week had no influence upon scald, and 7-day periods 
did not adequately control it. 
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The Influence of Waxing Seed Potatoes on Loss 
of Weight, Yield, and Starch Content 

By G. B. Durham, R. S. Shaw, and E. P. Christopher, 
Rhode Island State College, Kingston, R. L 

T he senior author in the fall of 1939 determined through a question- 
naire that over one million bushels of fruits and vegetables were 
wax-dipped or wax-sprayed that year. 

Limited experimental data with seed potatoes indicates less loss of 
weight in storage of waxed tubers. Platenius (1) states on the basis 
of one experiment with seed potatoes that the ‘'rate of shrinkage was 
reduced somewhat, with a corresponding improvement in appearance''. 
Also that “there is little chance that the waxing process will be adopted 
for potatoes, except perhaps where they are washed and marketed in 
consumer packages". Kimbrough (2) in his study of dormancy in 
potatoes states that “the dormant period should be long enough for the 
seed pieces to sprout rapidly when planted and the resultant plants 
to grow vigorously, but not long enough to produce multiple sprouting 
and stunted early maturing plants". 

Reports from commercial research groups indicate that waxing of 
seed potatoes is accompanied by a slight increase in yield. Limited 
observations by the senior author on waxing potatoes and vegetables 
in Rhode Island indicated practically no difference in loss of weight 
between waxed and unwaxed potatoes in farm cellars. 

In order to secure further information along this line an experiment 
with seed potatoes was started in the fall of 1939 in cooperation with 
Mr. Hollis Chase of Richmond on whose potato farm the tests were 
run. 

Procedure 

On November 20, 1939 ; 39 5‘pound lots of each of the three varie- 
ties — Irish Cobblers and Chippewas from Maine and locally grown 
Green Mountains were carefully weighed. This allowed for three check 
lots of each variety and three lots of each variety to be treated with 
Brytene and Dowax each month. 

Treatments consisted of dipping the tubers into lukewarm suspen- 
sions of 1-2 Brytene 333BO -h 1 per cent Sulfocide and 1-4 Dowax, 
draining for about 10 minutes. Aiiy surplus moisture on the tubers 
was removed with an electric fan before replacing the samples in 
storage. Cellar temperatures averaged 42 degrees F, with no more than 
2 degrees variation either way. All lots were weighed monthly and 
notes on sprouting and surface mold were made. 

Each lot of potatoes was planted in a 50 foot row on May 6 and 7, 
using two eyed pieces, hand placed, 1 foot apart. A previous appli- 
cation of 1 ton per acre of a 5-8-10 fertilizer had been placed by the 
cooperator. The cooperator took care of cultivation and spraying 
throughout the season. The crop was harvested September 16 and 17 
and graded and weighed September 21 and 23, 1940. 
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The Effects of Waxing on Certain Physiological Processes 
of the Cucumber under Different Storage Conditions 

By Warren B. Mack and Jose R. Janer, Pennsylvania Stale 
College, State College, Pa. 

Abstract 

This paper will be published in full elsewhere. 

T he effects are described of treatment with wax emulsion on the 
weight loss, dry matter content, sugar content, respiration rate, 
respiratory quotient, physiological breakdown, and changes in physical 
appearance of greenhouse cucumbers stored during 3 weeks in mid- 
summer in an ordinary room, in a bank cellar, and in cold storage. The 
most striking differences brought about by wax treatment were reduc- 
tion in weight loss and spoilage in the ordinary room; increase in 
pitting in cold storage, a characteristic low-temperature injury on 
cucumbers ; and a significant increase in the respiratory quotient in 
cold storage, indicating a greater degree of suboxidation. 
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Fruit Waxing in Relation to Character of Cover^ 

By L. L. Claypool and J. R. King, Unwersity of California, 
Dams, Calif. 

A GENERAL report of waxing tests with deciduous fruits (1) dur- 
ing the 1939 season showed that some wax emulsions in water 
were more effective than others even though the same wax percentage 
was present in each emulsion when the fruit was dipped. In addition 
to the tests reported, other studies indicated w^axes dissolved in volatile 
petroleum solvents to be effective in reducing water loss on tomatoes, 
but not on deciduous tree fruits. 

The data presented here have as their principal purpose to establish 
a better understanding of the reasons for differences in water loss and 
holding and ripening qualities of different fruits when treated with 
various waxes. In addition to the data previously presented and that 
included here, considerable information is available on respiration but 
is not presented at this time. 

In order to learn something of the reasons why variable results are 
obtained with different waxes and with different fruits a study was 
initiated during the 1940 season relative to the type of surface exhibited 
by several different fruits and the type and thickness of coverage of the 
wax film. The four fruits used, namely Royal apricot, Stanwick nec- 
tarine, Winter Nelis pear and Pritchard tomato, all have characteristic 
structural differences in their surfaces which are important insofar as 
exchange of gases and waxing are concerned. The surface of the 
apricot is covered with a mat of hairs and there is a high proportion of 
stomata to lenticels. There are no surface cracks around the lenticels. 
The surface of the nectarine is contrasted to that of apricot not only 
by the lack of a definite mat of hairs, but also by a considerable replace- 
ment of stomata by lenticels. Frequently, two or more lenticels on 
nectarine fruits will unite to form one large, irregular opening. This 
condition is accompanied by the presence of many cracks that extend 
in all directions and which penetrate below the epidermis. The cracks 
are perhaps due to stresses and strains accompanying fruit maturity. 

The surface of the Winter Nelis pear presents a wide variation in 
structure. The non-russet areas are smooth with an overlying layer 
of cutin, but punctured frequently with large lenticels, which may 
commonly unite to form large and irregularly shaped eruptions. The 
widespread formation of cork together with the presence of lenticels 
in the russet areas give a jagged and irregular surface which is diflfi- 
cult to cover completely with any substance. In the mature fruit the 
stomata are mostly replaced by lenticels. 

In contrast to the surfaces of pear, apricot and nectarine, that of the 
Pritchard tomato fruit is smootfr in its entirety. There are no lenticels 
or stomata, and respiration gas exchange takes place largely or entirely 
through the stem end. Transpiration is largely cuticular. 

Waxes used in these tests were all commercial preparations and 

^The authors wish to acknowledge the assistance of Dr. R. M. Keefer, of the 
Chemistry Division, in making the surface tension measurements. 
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were supplied hy the nianufacturers or their agents. Water wax emul- 
sions were all applied by dipping after diluting the stock solutions with 
distilled water to obtain the desired wax concentration. 

The waxes contained the following approximate proportions of wax 
and other materials that may directly afect exchange of gases : 


TABLE I — Comparative \Vax Composition of Emulsions and Solutions 


Code Letter 

Carnauba 

Paraffin 

Other Materials 

A 

3 

1 


E 


1 

.18 Mineral oil 

Tf 

_ 

1 

n. 

3 

1 


H 



I 

1 

1 

.36 Shellac 

J 


1 

.75 Spermaceti 


The wax coded as J is a solution of paraffin and spermaceti wax in 
a very volatile petroleum fraction. This material is applied by atomizing 
the solution into an air blast which is directed on to the rotating fruit. 

i^pecimens of apricot, nectarine, pear and tomato for microscopic 
stud}" were sectioned with a CO 2 freezing microtome. The sections 
were stained with a 1 per cent aqueous solution of phyloxine and 
mounted, after dehydration, in diaphane. By this technic, the wax film 
was preserved, and its granular nature and deeper staining distin- 
guished it from the cutin. Sections perpendicular to the surface of the 
fruit were cut from the stem end, the tip, and from two sides of the 
mid-portion of nectarine ; from the tip, the stem end, and one side of 
the pear and tomato ; and from only one side of the mid-portion of the 
apricot. All observations w^ere made at a magnification of XI 350, and 
measurements of thickness of the wax films were taken with the aid of 
a Filar micrometer. Observations were also made on the spread of the 
wax film over the surface of intact, whole fruits^, 

In determining the effectiveness in covering stomata and lenticels 
the penetration of the wax into these structures was taken into con- 
sideration as well as the surface cover. 

The amount of gloss or brightness of finish of the fruit surface is 
not taken into consideration in this report, although on many fruits a 
high lustre has considerable sales valued 

The data obtained relative to nectarines are omitted since only the 
solvent type of wax was used with a variation in wax concentration. 
None of the solutions used gave complete or consistent coverage to 
the stomata, lenticels or cracks surrounding the lenticels on the surface 
of the nectarine. It is not surprising, therefore, that very little control 
of water loss was obtained. 

The data for Royal apricots are shown in Table II. The average 
thickness of the wax film was fairly great, and with two exceptions 
there was considerable variation in its thickness. The variation in water 
loss seemed to be related more nearly to the wax type than the film 
thickness. The paraffin type of wax in general gave better control of 
water loss even with a thinner film cover than paraffin-carnauba mix- 
tures where carnauba was predominant. There was a tendency for the 
apricot surface to hold more wax emulsion upon draining than other 
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TABLE II — Relative Effectiveness of Waxes on Royal Apricots 


Code 

Letter 

Wax 
Concen- 
tration 
(Per Cent) 

Surface* 
Tension 
of Wax 
Emulsion 

Average 

Film 

Thickness 

(Microns) 

Uniform- 
ityf of 
Wax Film 

Effective- 
ness of 
Wax in 
Covering 
Stomata 

Effective- 
ness of 
Wax in 
Covering 
Lenticels 

Water 

Loss 

Compared 

to 

Control 

Control 












100 

A 

4 

i 34.3 

3.1 

B 

Poor 

— 

51 

A 

6 

1 33.5 

5.0 

B 

Fair 

— 

50 

G 

4 

! 28.7 

4.5 

B 

Pair 

Good 

55 

G 

6 

29.3 

7.1 

A 

Pair 


53 

E 

4 

34.2 

3.0 

B 

Good 



36 

E 

6 

33.1 

5.6 

B 

Excellent 

Excellent 

29 

F 

4 

34.8 

4.9 

B 

Good 


43 

F 

6 

34.4 

5.5 

B 

Fair 

— 

41 

H 

4 

37.9 

3.3 

A 

1 Fair 

— 

45 

H 

6 

36.6 

4.7 

B 

Fair 

Good 

42 


*Dynes per sqmre centimeter at 75 degrees F. 
tA — Small variability in wax thickness- 
B — Large variability in wax thickness. 


fruits because of its thick mat of hairs. The film was always greatly 
thickened at the juncture of a hair with the fruit surface. 

As shown in Table III, none of the waxes gave a uniform film 
coverage on Winter Nelis pears but the average thickness of the film 
was quite acceptable. Data regarding w^ater loss are not shown as the 
fruits are still under test. In general, waxes G, E and I have given best 
results in controlling water loss in other tests with pears. Wax I did 
not seem to give as good coverage over the lenticels as the other two 
waxes, but it had a considerable effect in slowing up ripening. Other 
tests with waxes containing shellac have shown similar results and a 
reduced respiration rate, indicating interference with oxygen intake. 
The solvent wax J seemed to give “Fair” coverage, but water loss data 
on pears indicate that it is rather ineffective. 

The data for the tomato in Table IV show only a small variation in 
the uniformity of the wax cover. However, the average film thickness 
was less than with other fruits. Water loss control was better again 
with the paraffin wax than the wax mixtures even with a thinner film. 
The solvent wax gave better control of water loss in the tomato than 
with the other fruits. Previous tests with the solvent wax have given 
a reduction in water loss as much as 50 per cent. 

Discussion 

! There was always some variability in the wax thickness. No cover- 
age appeared uniform throughout, and in the majority of sections 

TABLE III — Relative Effectiveness of Waxes on Winter Nelis Pears 


Code 

Letter 

Wax 

Concentration 
(Per Cent) 

Surface* 
Tension 
of Wax 
Emulsion 

Average 

Film 

Thickness 

(Microns) 

Uniformityt 

of 

Wax Film 

Effectiveness 
of Wax 
in Covering 
Lenticels 

A 

4 

34.3 

4.2 

B 

Fair 

G 

4 

28,7 

5.1 

B 

Excellent 

E 

4 

34.2 

4.5 

B 

Excellent 

H 

4 

37.9 

4.3 

B 

Poor 

I 

2 

_ 

4.5 

B 

Poor 

I 

4 

27.8 

3.7 

B 

Poor 

J 

7 

— 

3.8 

B 

Pair 


*Dynes per square centimeter at 75 degrees P. 
fB — Large variability in wax thickness. 
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TABLE IV— Relative Effecti\teness of Waxes on Pritchard Tomatoes 


i 

Code 

Letter 

Wax 

Concentration 
(Per Cent) 

Surface* 
Tension 
of Wax 
Emulsion 

Average 

Film 

Thickness 

(Microns) 

Uniformityf 

of 

Wax Film 

Water Loss 
Compared 
to Control 

Control ...... 








100 

A 

4 

34.3 

4.1 

A 

88 

G 

4 

28.7 

4.0 

A 

71 

E 

4 

34.2 

2.3 

A 

58 

H 

4 

37.9 

2.2 

A 

— . 

I 

2 

2.4 

A 

78 

I 

4 

27.8 

4.1 

A 

65 

J 1 

7 


4.2 

A 

79 


*Dynes per square centimeter at 75 degrees F. 
tA — Small variability in wax thickness. 


observed, the wax film showed rather wide variability in thickness. 
Since there \vas in most cases such great variability and irregularity 
in coverage by the wax, the average film thickness given in the tables 
is the average of four measurements from the apparent thickest, the 
thinnest, and the medium thick areas of the sections observed for each 
wax film. This average, therefore, is subject to error, but is considered 
a good comparative estimation. It must be understood, however, that 
the figure for average wax film thickness is not an indication of the 
wax film thickness in all areas of a fruit, since some samples of fruits 
had areas where there was no wax at all, and adjacent areas would 
have a good film. 

There were different expressions of the wax film coverage of stomata 
and lenticels. The wax film may penetrate a stoma and be present in 
the intercellular air spaces below the guard cells, as was the case on 
apricots with a 6 per cent wax emulsion of E, or it may penetrate a 
stoma only partially, A wax film may penetrate all of the stomata 
observed, as was again generally true with E, 6 per cent on apricot, 
or it may cover either no stomata or only a portion of them. Such 
variation also exists in expression of wax film coverage over lenticels. 
These different expressions depend upon the kind of fruit and the 
individual wax films, and all were taken into account in an estimation 
of the effectiveness of the wax film in covering the stomata and 
lenticels. ■ 

Platenius (2) working on vegetables studied the thickness of the 
wax film on carrots and found it to vary from 0.5 to 2.7 microns, 
depending upon the emulsion concentration. These figures are in 
general somewhat low^er than found in any of the fruits reported here. 
The fact that the data presented by Platenius are calculations on the 
basis of quantity of wax used, as well as the type of surface being 
covered, may account for differences in his measurements. 

:No consistent relationship was observed between surface tension and 
coverage or water loss control. Evidently the surface tension and wet- 
tability of all waxes used was in the effective range for the fruits 
involved in these tests. 

In all tests the type of wax used seemed to be more important than 
the film thickness. Those emulsions high in carnauba wax gave con- 
sistently poorer control of water loss for the same film thickness than 
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waxes high in paraffin. This was true even though the carnauba waxes 
seemed to have better wetting ability. 

The character of the fruit surface is important in relation to the 
kind and concentration of wax used. For example, w^ater loss in the 
apricot, because of the thick mat of hairs over its surface, can be 
reduced more with a particular emulsion than in the other fruits re- 
ported here. Therefore a 2 per cent wax emulsion might be as effective 
as a 4 per cent in other fruits. The large lenticels increase the difficulty 
of waxing Winter Nelis pears and nectarines, as also do the corky 
russet areas of the Winter Nelis pear. In order to effectively reduce 
water loss on these fruits waxes must be able to penetrate and plu§ 
or partially plug the openings in these areas. The tomato is the easiest 
of the fruits to wax but because of its smooth surface, concentrations 
of wax emulsions may need to be increased in order to increase the wax 
film thickness to obtain the desired water loss control. The solvent 
waxes are of doubtful value for pubescent fruits or those with many 
lenticels on the fruit surface but give satisfactory results on the smooth 
surface of the tomato. This may be related to viscosity of the solution 
at the time it contacts the fruit. The solvent has largely evaporated 
by that time and the fruit comes out of the spray equipment dry, mak- 
ing the possibility of penetrating stomata and lenticels remote. Less 
volatile solvents have been tried but cause injury by penetrating 
through the cuticle and contacting epidermal cells. ' 
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Rate of Development of Reducing Sugar in Cold-Stored 
Potato Tubers as Related to Time after Harvest 
at Which Storage was Started 

By Norwood C. Thornton and F. E. Denny, Boyce Thompson 
Institute, Yonkers, N. Y. 

Abstract 

The complete data will be given in a paper that is to appear in the Contribu- 
tions from Boyce Thompson Institute. 

P OTATOES placed in storage at 5 degrees C soon after harvest 
accumulated reducing sugar much more rapidly than those held at 
25 degrees C for some time after harvest before being placed in storage 
at 5 degrees C. Russet Rural potatoes placed in 5 degrees C storage 
13 days after harvest accumulated 7.3 milligrams of reducing sugar 
(per cubic centimeter of juice) in 17 days while tubers held at 25 
degrees C for 81 days after harvest before being placed at S degrees C 
for the same period accumulated only 0.2 milligram of reducing sugar. 
This rapidity of accumulation of reducing sugar varied with the variety 
of potato. Green Mountain potatoes held under the same conditions 
as the Russet Rural accumulated 13.5 milligrams when placed in stor- 
age at the early stage after harvest and only 3.8 milligrams upon low 
temperature storage after having been held at 25 degrees C for 81 days 
after harvest before being placed in cold storage. 
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Dry Matter, Sugar, and Carotene Content of Morpho- 
logical Portions of Carrots Through the Growing 
and Storage Season^ 

By H. O. Werner, University of Nebraska, Lincoln, Neb. 

C ARROTS produced during the hot weather of midsummer in east- 
ern Nebraska generally have a high percentage of core and a 
generally pale color. Obviously these are undesirable characteristics 
and a breeding program was set up to develop strains with more 
desirable characteristics. For such a program it was necessary to 
have some specific facts about the quality of carrots at various stages 
in their development throughout an entire growing and storage season. 

From plantings of Red Cored Chantenay and Nantes varieties made 
at Lincoln, Nebraska, in late April, 1937, representative samples of 
20 roots were harvested at intervals from July 7 to October 29. 
Weights of tops and roots were determined. The phloem (including 
small amount of pericycle) was separated from the xylem. Both por- 
tions were weighed and samples taken for dry matter, sugar and 
carotene determination. On October 30 a large quantity of weighed 
roots were placed in damp sand in 38 to 40 degrees F storage and 
20 root samples were removed for analysis at five periods during the 
winter with the last sampling on May 31, 1938. 

The fresh weight of the phloem alw’-ays constituted more than 60 per 
cent of the total root weight, and decreased from highest rate in 
youngest roots harvested to a much lower percentage late in the 
season, except for a late summer increase when vegetative growth 
slowed down. Increase in xylem percentage — that is, decrease in 
phloem — was associated with rapid vegetative growth. Nantes had a 
higher percentage of phloem weight than Red Cored Chantenay. 

Percentage of dry matter was always greater in the phloem than in 
the xylem, increased from low values in youngest root to maximum 
in mid-August, then decreased, was generally higher in Chantenay 
than Nantes and decreased only slightly in storage (Fig. 1). 

The percentage of sucrose in the phloem increased rapidly to a late 
August maximum, then decreased until late October and in storage 
through November after which it was relatively constant. The sucrose 
percentage of xylem was always lower than of the phloem but de- 
creased slightly early in the season when it was increasing in the 
phloem; then as the latter decreased the percentage in the xylem 
increased until late October and then decreased slightly. In storage, 
sucrose percentage of the xylem was greater than that of phloem with 
Chantenay but not with Nantes. Sucrose percentages were higher in 
Chantenay than in Nantes except for a brief period early in the season 
when that of Nantes phloem was greatest (Fig. 2). 

Percentages of reducing sugars were highest in xylem throughout 
the growing season, with greatest difference in two portions in August 
(when phloem attained the highest percentage of sucrose). Lowest 

^Published with the approval of the director as Journal No. 279 of the Nebraska 
Agricultural Experiment Station. 
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during storage. 

reducing sugar percentages occurred in September and October. They 
increased in storage in both parts of Nantes roots and in phloem of 
Chantenay but there was no change in Chantenay xylem. 

The amount of sucrose in both parts of both varieties exceeded that 
of reducing sugars throughout the growing season, except for a brief 
time early in the season when the amount of reducing sugars in xylem 
was greater than the sucrose. The ratio of sucrose to reducing sugar 
weight in phloem increased steadily until late August, then 'decreased 
rapidly until after about a month in storage when it was less than 1.0 
(because of great decrease in sucrose percentage). This ratio declined 
more with Nantes than with Chantenay. In the xylem there was little 
difference in amount of sucrose and reducing sugar until early August 
after which the sucrose/reducing sugar ratio increased steadily until 
late October due to the reducing sugar percentage decreasing and 
sucrose percentage remaining about constant. Chantenay xylem had 
a higher sucrose/reducing sugar ratio than the phloem but the reverse 
occurred with Nantes. 
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The sucrose/reducing sugar weight ratios for total roots of both 
varieties rose slowly until mid-August, then rapidly until late August, 
then declined slowly until late October, dropping rapidly during the 
first month of storage, then decreasing slowly. It was almost constantly 
higher with Chantenay than Nantes. 

When sweetness was evaluated on the basis of 100 for sucrose and 
74 for reducing sugar (which in carrots is practically all glucose) the 
phloem had a higher sweetness rating than the xylem throughout the 
entire growing season. During the period of most rapid root enlarge- 
ment the sweetness of xylem decreased, increasing rapidly after early 
August, attaining a sustained maximum with Chantenay in late 
August and with Nantes in late October. While the sweetness of both 
root parts decreased rapidly in November storage there was little 
decrease after that date. In storage the Chantenay xylem was sweetest 
of any root portion and maintained a high value continually, whereas 
Nantes phloem lost most sweetness. Chantenay I'oots were consistent- 
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Fig. 3. Carotene content in each root portion and in total roots of two varie- 
ties of carrots when harvested on various dates and at intervals during 
storage. 


ly sweeter than Nantes with storage differences increasing above those 
of the growing season. 

Carotene content per given amount of fresh weight was always 
higher in phloem than in xylem. It attained a maximum value in both 
root parts by mid- August, (earlier than majximum sweetness was 
attained) and then remained relatively constant. There was no change 
in carotene content in storage till sprouts started in the late spring. 
The carotene content of Chantenay was consistently higher than in 
Nantes except during the first few weeks when Nantes had the highest 
sucrose percentage (Fig. 3). 

From 70 to 83 per cent of the carotene of Chantenay was found in 
the phloem in which part occurred 80 to 87 per cent of the Nantes 
carotene. Lowest percentages of total root carotene occurred in phloem 
when phloem percentages of total weight were lowest, which was dur- 
ing periods of most rapid growth. 

When evaluated on the basis of carotene content and sweetness the 
phloem was always superior to xylem. Although there were some 
fluctuations during the growing season, the general tendency was for 
the relative value of the phloem to diminish as roots became older, due 
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Fig. 4. Weight of carotene and units of sweetness in phloem as percentage of 
total in roots of two varieties of carrots when harvested on various dates 
and at intervals in storage. (Sweetness of sucrose calculated as 100, re- 
ducing sugar considered as glucose evaluated at 74.) 


to less sucrose in the 
phloem and more in the 
xylem. In the Nantes va- 
riety the phloem was al- 
ways much more impor- 
tant as a source of quality 
than in the Chantenay, or 
stated in reverse — the 
xylem of the Chantenay 
became increasingly more 
valuable as the season 
advanced (Fig. 4). 

In another phase of 
this project we have de- 
termined that there is not 
only a great difference in 
the phloem/xylem fresh 
weight ratios of different 
varieties but that this 
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DEC. 1, 1935 


Fig. 5. Percentage of weight in phloem and 
xylem in low and high specific gravity 
roots and percentage of each portion that 
consisted of sucrose or reducing sugars. 
Percentages on vertical lines indicate per- 
centage that phloem weight was of total 
weight, those on horizontal lines the per- 
centage that sucrose was of either phloem 
or xylem and number in center of each 
area is the percentage that the specified 
sugar occurring in that root portion is 
of the total amount of sugar in the root. 
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ratio can be altered by cultural conditions and that there is a great 
range of ratios for individual roots within a variety. As grown at 
Lincoln, roots of late plantings and roots produced on dry land or with 
a straw mulch had a higher phloem/xylem ratio than those from 
early plantings, irrigated land or non-straw mulched. Ratios within 
varieties varied much more for different roots than the mean ratios of 
^’arieties.. Roots with highest ratios were found to have high specific 
gravity and they contained the highest percentages of total sugar and 
of sucrose. From individual high specific gravity roots we have pro- 
duced progenies with all roots in the higher specific gravity classes 
while from low specific gravity roots the progenies exhibit a decidedly 
lower specific gravity. High phloem/xylem ratios exist with the high 
specific gravity roots and low ratios with low specific gravity roots. 
The high specific gravity roots generally have better color and more 
desirable type than low specific gi*avity roots. 


Influence of Time of Harvest on Storage Scald Develop- 
ment of Rhode Island Greening and Cortland Apples 

By E. P. Christopher, Rhode Island Agricultural Experiment 
Station, Kingston, R. L 

Abstract 

To be published in full as a Circular for the Rhode Island Agricultural Experi- 
ment Station. 

T hree years data on the development of scald both in storage and 
after removal from storage gave further evidence of the importance 
of delayed harvest in reducing the danger of this difficulty on Rhode 
Island Greening and Cortland apples. 

With Greenings, some differences due to season and soil fertility 
conditions were noted while with Cortland, time of harvest was the 
only variable factor involved. Apparently any beneficial effects from 
delayed harvest are more pronounced during the early part of the 
storage season. 

Under the conditions of these tests, delaying harvest of Greenings 
to late September resulted in greater size, less scald and very little 
breakdown. Cortland harvested up to mid-October improved in size, 
color, and freedom from scald both in storage and after removal to 
room temperature. 



The Elapsed Period from Pull Bloom as an Index 
of Harvest Maturity of Pears 

By A. Lloyd Ryall, [/. 5*. Department of Agriculture, Yakima, 
Wash.; Edwin Smith, U. S. Department of Agriculture, 
Wenatchee, Wash.; and W. T. Pentzer, U. S. Depart- 
ment of Agriculture, Fresno, Calif. 

A FEW fruit growers and horticultural field men have recognized 
for years that there is a rather definite period between the blos- 
soming of fruit trees and the time the fruit is ready for harvest. 
Records of blossoming dates of the different varieties together with 
harvest dates have been kept, in a few instances, over a period of years. 
These records have been valuable to individual growers as a means 
of planning orchard work to advantage and particularly with respect 
to meeting labor needs for the harvest period. As experimental evi- 
dence, however, the records are of little value since they show merely 
when harvest was begun and completed rather than at what period the 
fruit was of optimum maturity from the standpoint of dessert and 
storage quality. 

The relation between date of full bloom and date of harvest of apples 
was recognized by Magness, Diehl and Haller (4) vrho stated ‘^Data 
so far obtained indicate that there is a fairly close relationship between 
the time of full bloom in different varieties and the best picking date.'’ 
In the same publication the approximate number of days from bloom 
to best picking date are given for several apple varieties. 

The indices now used for the determination of pear maturity are 
as follows : firmness as measured by the pressure test, ground color 
by comparison with the standard color chart, and finish, size, seed 
development and texture as determined by experience. The index 
most commonly used for pear maturity (5) is firmness as measured by 
mechanical means. This index is generally reliable when a truly aver- 
age figure is compared with desirable ranges as determined by ex- 
perimental work. It has been demonstrated however (1, 2, 3, 6), that 
factors such as growing temperatures, evaporating power of the air, 
kind of rootstock and water supply to the tree can materially affect 
flesh firmness. Within certain districts such as Medford, Oregon, the 
pressure tester has indicated a great variation in firmness which, with 
a variety like Bose, is very confusing except to persons of long ex- 
perience in determining pear maturity. In such cases the indices in 
current use are inadequate in forecasting wdien a crop may be mature 
for harvest. 

Since additional indices of pear maturity seemed desirable the fol- 
lowing experimental work was undertaken in an attempt to ascertain 
the reliability of the elapsed period from full bloom as an index with 
different varieties in several different pear producing districts. 

Methods 

Previous to the blossoming seasons of 1937, 1938 and 1939 trees of 
the Bartlett, Anjou and Bose varieties were selected in two locations 
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in the Yakima and Wenatchee Valleys in Washington. One location 
in each of the two districts was at a relatively high elevation while the 
other location was on the floor of the valley. Trees of the three varie- 
ties were also selected in the Hood River and the Rogue River Val- 
leys, in Oregon, and during the 1938 and 1939 seasons plots in the 
Santa Clara Valley in California were added. 

Record of full bloom for each variety was kept by observers in each 
district. For the sake of uniformity the trees were recorded as in full 
bloom when three to four of the lowest blossoms on each cluster were 
open and the anthers were shedding pollen. This stage however, was 
sometimes rather difficult to determine exactly, especially in seasons 
when the blooms Avere straggly. As temperature appeared to be the 
external factor most likely to influence maturity, a thermograph rec- 
ord was kept in each orchard from time of full bloom until the last 
picking was made. 

At the time of each picking firmness was determined by means of 
the United States pressure tester having a Vl6 -inch plunger. In 
arriving at an average figure a sample of 15 fruits was used and each 
fruit was tested on a peeled surface of two sides. Ground color was 
determined by means of the United States standard ground color chart 
for apples and pears. Within a few hours after each picking a box of 
the fruit was wTapped, packed and placed in storage at 30 to 31 de- 
grees F for later ripening. 

After definite storage intervals for each variety, fruits of each 
picking from each orchard were removed from cold storage and 
ripened at 65 to 70 degrees F. Observations as to flavor, texture, ap- 
pearance, shriveling and physiological disorders" were made as the 
pears ripened. 

Results 

The detailed data pertaining to harvesting, growing temperatures 
and fruit quality are too lengthy for presentation here. Condensed data 
showing dates of bloom, firmness of Bartlett pears at harvest, temper- 
ature accumulations for definite periods in each district and elapsed 
period from bloom to different stages of quality in three varieties are 
shown in Tables I to VI. 

Data in Table I show that blossoming was earlier in all districts in 
1939 than in either of the two previous seasons. In 1937 the bloom 
was 12 to 16 days later than in 1939 wffiile bloom in 1938 was some- 
what earlier than in 1937 but later than 1939. As would be expected 
the bloom was earlier each year in the more southerly districts than 
in the northern districts and earlier at the lower elevations than at 
the higher elevations. 

The firmness of Bartlett pears at definite intervals from bloom for 
each of the three years is shown in Table II. It is shown in these data 
that the firmness at 110 days from bloom varied from 16.1 pounds at 
the uDper elevation in the Wenatchee district in 1938 to 23.7 pounds in 
the Medford district in 1937. The data indicate, however, that within 
a given district the fruit firmness is rather uniform for different years. 
For the four locations in the Yakima and Wenatchee Valleys the 



TABLE I — ^The Date of Full Bloom in Three Seasons in Each of the Different Districts 
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1938 

Anjou 

Apr. 16 
Apr. 22 
Apr. 24 
May 1 

Apr. 20 
Apr. 14 
Apr. 4 

Q 


Bartlett 

Apr. 18 
Apr. 24 
Apr. 24 
Mayl 

Apr. 21 
Apr. 16 
Apr. 12 



Bose 

Apr. 30 
Hay 2 

May 3 

May 14 
Apr. 29 
Apr. 19 


1937 

Anjou 

Apr. 23 
Apr. 29 
Apr. 30 
May 7 

Apr. 24 
Apr. 18 



Bartlett 

Apr. 26 
Mayl 

May 1 

May 9 

Apr. 26 
Apr, 19 

District and Location 

Yakima (Buena) 

Yakima (Lower Naches) 

Wenatchee (Lower Valley) 

Wenatchee (Wheeler Hill) 

Hood River (Lower Valley) ....... 

Medford (Lower Valley) 

Santa Clara (Santa Clara) 
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largest spread in firmness at 1 10 days from bloom is 2 A pounds. Since 
the recommended pressure range for fresh market harvest in this dis- 
trict is from 17 to 19 pounds it is evident that fruit from any orchard 
in these districts in the three years studied was close to the recom- 
mended firmness. The data indicate further that the Santa Clara Bart- 
letts were somewhat similar to those from Washington in firmness 
whereas the Bartletts grown in the Hood River and Medford areas 
were generally firmer at any given interval. The relationships are 
quite similar for Bartlett pears at any of the harvest intervals used. 
The firmness data are of interest in a comparative way but are of little 
practical value except insofar as they are related to quality of the 
ripened fruit. Thus, the fact that Bartletts from the Hood River area 
were firmer at 110 days from bloom than those from the Yakima 
Valley does not necessarily mean that they were less mature. 

Comparative temperature data for the different locations are showTi 
in Table III. Since no definite information was available on the exact 
temperature factors favoring the growth and maturation of pears 


TABLE II — Delation Between Interval from Bloom of Bartlett Pears 
AND Firmness as Measured by Pressure Test 


Number of Days from Pull Bloom 


District and Location 

100 

110 

120 

130 

1938 

1939 

1937 

1938 

1939 

1937 

1938 

1939 

1937 

1938 

1939 

Yakima (Buena) 

18.9 

19.2 

20.8 

19.1 

21.1 

18.4* 

20.6 

20.3 

17.1 

20.0 

18.9 

17.1 
16.8 
16,8 

18.1 

23.7 

17.2 

17.0 

17.0 

16.1 

20.3 
23.6 
17.5t 

18.6 

18.6 

17.0 

17.6 

18.7 
21.3 
18.2 

15.2 

14.9 

15.9 
15.2 

21.9 

16.4 

14.2 

16.3 
14.2 
18.1 
19.7 

16.9 

16.9 

15.x 

15.0 

17.1 
18.8 
14.4 

13.0 

11.2 

11.2 

8.9 

16.8 

13.6 

12.0 

lYi 

16.0 

14.9 

13.3 

14.0 

16.1 
16.6 
14.9 

Yakima (Lower Naches) . . . 
Wenatchee (Lower Valley) . 
Wenatchee (TOeeler Hill) . . 
Hood River (Lower Valley) 
Medford (Lower Valley) . . . 
Santa Clara (Santa Clara) . . 


*106 days from bloom, 
tll5 days from bloom. 


certain arbitrary standards were used to indicate temperature condi- 
tions in the ditferent locations. The total number of degree-hours 
above a mean of 40 degrees F shows in a general way the heat units 
available in any givp location. These figures are somewhat misleading 
however, berause districts not having extremely high or low tempera- 
tures sometimes showed as great an accumulation of degree-hours 
above 40 degrees F as those where night temperatures were lower and 
day temperatures were higher whereas the effects on growth of such 
temperature conditions might be quite different. In order to clarify 
these temperature influences the number of days on which the maxi- 
mum temperature reached 90 degrees F or over are shown for the 
growth periods. 

These data show that in each of the three seasons the greatest tem- 
peratare accumulation occurred in the lower elevation district of the 
Yakima Valley. The lowest temperature accumulation was in the 
Santa Qara distrirt in 1938 while in 1939 both Santa Clara and 
Medford had considerably lower degree-hour accumulations than 



TABLE III — Comparison of Temperature Accumulation for Three Seasons in Different Districts 
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the Washington districts. It is apparent from a study of the blos- 
soming dates however, that one reason for the deficiency in tem- 
perature accumulation in the Santa Clara and Medford districts 
was the early bloom. Harvest of Bartlett pears in these early bloom 
districts was underway before the season of highest temperatures 
whereas with a later bloom date a greater part of the growing period 
was under the relatively high temperature conditions of July and 
August. 

Table IV shows the comparative state of maturity of Bartlett pears 
at different intervals from bloom as judged by dessert and storage 
quality. As pickings were made at 10 day intervals the number of 
days shown for best quality may not actually show the interval at 
which optimum quality occurred since this state may have been reached 
at some point between the pickings. It does indicate however which of 
the pickings were judged the most desirable by the above mentioned 
standards. 

In 1937 the first picking of Bartletts was made at 110 days from 
bloom. As shown in Table IV pears of this picking proved to be the 
most desirable except in the case of the Medford fruit. Bartletts picked 
at 130 days in the northern districts showed evidence of being over- 
mature. 

In 1938 and 1939 the first picking was made at 100 days from bloom 
and in all cases the fruit of this picking was less desirable than that 
picked later. Bartletts picked at 110 days in the northern districts were 
judged more desirable than those picked earlier or later. In 1939 the 
best quality Bartletts in the northern districts were obtained at 120 
days and in two instances those picked at 130 days were judged equally 
good. Fruit picked at 100 days w^as distinctly immature ’while that 
harvested at 110 days was not objectionable but did not have as 
high quality as that picked later. 

The data show that the Hood River Bartlett pears required slightly 
longer to reach desirable maturity than those grown in the Yakima 
and Wenatchee Valleys. Bartletts grown in the Medford area required 
distinctly longer to reach maturity than those from any other district 
studied. It will be noted in Table II that Bartletts grown in the Med- 
ford district were also significantly firmer at a given interval from 
bloom than those from other districts. 

Pears of this variety grown in the Santa Clara Valley in 1938 re- 
quired longer to reach maturity than those grown in the Washington 
districts while in 1939 the Santa Clara pears required about the same 
interval. 

There does not appear to be any one factor which explains the 
varying growth periods in different seasons and districts. The fact 
that the Bartletts generally required longer to reach maturity in 1939 
than in 1938 might be due in part to the* earlier bloom season of 
1939 which resulted in a greater part of the growing period occurring 
before the maximum temperature period was reached. Data in Table 
III show that the temperature accumulation in 1939 was lower during 
the Bartlett growing season than in 1938 in all districts except the 
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Santa Clara Valley. The Santa Clara district was the only one in which 
Bartletts did not require longer for maturation in 1939. 

On the other hand temperature differences do not appear to explain 
the longer season required for Medford Bartletts in any given season. 
While it is true that the temperature accumulation was lower in the 
Medford area than in the Washington districts it is also apparent that 
the temperature accumulation was usually somewhat greater in the 
Medford district than in the Hood River and Santa Clara districts 
where the growth period more nearly coincided with that of the Wash- 
ington districts. It appears possible that the distinctly heavy, clay 
adobe soil of the Medford area may be a factor in the longer period 
required for fruit maturation. 

Table V shows the days from bloom required for certain stages of 
quality in Anjou pears. These data show that 145 or 150 days were 
required for best quality in the northern districts with the period 
quite consistent from year to year. In the Medford district the Anjous 
required a longer period to reach desirable maturity than in the Hood 
River and Washington locations. The big spread in days between 
under maturity and over maturity of Anjou pears in all locations 
indicates that the harvesting period of Anjou pears within which rela- 
tively good quality can be expected is rather long. This does not mean 
that the Anjou pears were of optimum quality during this entire 
period. It does indicate however that reasonably good dessert quality 
and good keeping quality were found over rather an extended picking 
period. 

In Table VI are shown the comparative picking periods for Bose 
pears. The data indicate that as with the other two varieties, the 
elapsed period from bloom to good quality was rather uniform in the 
northern districts in any one season. The best quality was attained at 
130 to 135 days in these districts although pears picked at 145 days 
were judged equally good in 1939. The Bose from the Medford dis- 
trict required significantly longer to reach harvest maturity while 
those grown in the Santa Clara Valley were comparable to the pears 
grown in the Washington and Hood River districts. 

Discussion 

The data presented indicate that the elapsed interval from bloom 
to fruit maturity in pears is quite consistent from season to season in 
different locations of the same general area but varies somewhat be- 
tween districts. There are indications in the data that variations en- 
countered were due in part to earliness of bloom and seasonal tempera- 
tures and it is suggested that other growth influences such as soil 
structures, soil moisture and rate of evaporation in the air may have 
been contributing factors. 

From the data secured these variations within a district do not ap- 
pear great enough from season to season to prevent the practical use 
of this index in forecasting in advance when a given crop of pears will 
be satisfactorily mature for harvesting* 

It is believed by the writers that the number of days from bloom, 
when used in connection with firmness, ground color and finish of the 



TABLE V— The Number of Days From Full Bloom to Maturity in Three Different Seasons (Anjou Pears) 
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fruit will be a valuable adjunct to present indices in determining the 
proper harvest period for pears in the western pear producing areas. 
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Some Factors Affecting the Storage Quality 
of the Cortland Apple^ 

By E. F. Savage, Georgia Experiment Station, Experiment, Ga. 

T he Cortland apple originated at the New York Agricultural Ex- 
periment Station as a cross between Ben Davis and Mclntqsh in 
1898. The hardiness of the variety and the average high yields indicate 
that it is fairly well adapted to the fruit-growing regions of northeast- 
ern United States. Its storage behavior suggests that it must be care- 
fully grown, making use of an intelligent program of fertilization and 
pruning as well as judgment as to the proper time of harvest. A study 
of some of these factors, particularly the relation of climatic and cul- 
tural conditions and maturity of the fruit to the storage quality of this 
variety, was made over a 6-year period from 1934 to 1939. 

Methods and Procedure 

The greater part of the fruit used in this storage study was taken 
from one of the Cornell University orchards located at Ithaca, New 
York, This orchard, planted in the spring of 1928, was set 10 by 10 
on the square system. There were 80 rows in the original planting, 
each with 40 trees. Every other row was removed in 1936 and every 
other tree in the remaining rows was cut out in 1938. The topography 
of this block is gently rolling with the tendency to slope toward the 
southeast. The soil is classified as Dunkirk silty clay loam and is quite 
variable especially in the south one-third of the block 
The fertilizers used in the orchard were nitrate of soda, nitrate of 
potash, and ammonium phosphate. The fertilizers were applied ac- 
cording to the age of the tree, receiving in 1938 as high as 15 pounds 
of the different nitrogen carriers per tree. The cultural treatments 
consisted of alfalfa, non-leguminous sod, and cultivation. These cultural 
and fertilizer treatments were so arranged that each cultural practice 
received in the different rows which it encompassed, several replica- 
tions of the different fertilizer treatments. Single rows were not split 
as to treatment but received the same treatment throughout its length 
for the sake of simplicity and the avoidance of labor mistakes. Every 
other row was a check row receiving no fertilizer treatment. Thus, the 
check trees were greatly in excess of any given treatment compensat- 
ing to some extent for the variations which might occur due to soil 
differences, individual tree differences, and other factors which might 
enter in when dealing with biological material. 

The firmness of the fruits was determined with a Magness and 
Taylor pressure tester similar to the one described in United States 
Department of Agriculture Circular 350. The same pressure tester 
was used throughout the 5 years of the experiments. Circumference of 
the fruit was obtained with a steel tape measuring device developed 
at Washington State College. Changes in the ground color were de- 

. ^The work covered in this report was carried out under the direction of Dr. 
A. J. Heimcke and was completed while the author was a member of the De- 
partment of Pomology, Cornell University, Ithaca, New York. 
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termined by using a chart similar to the one advocated by Magness, 
Diehl, and Haller. A Weiss portable refractometer was used to de- 
termine the percentage of soluble solids present in the fruit. Soluble 
solids were determined only for the years 1938 and 1939. Solar radia- 
tion data were obtained by use of an Eppley thermoelectric pyrheli- 
oineter and a Leeds and Northrup micromax potentiometer. The per- 
centage storage diseases developing was recorded for the successive 
storage examinations. Previous to 1937 the samples placed in storage 
were of a composite nature, but during 1937 and 1938 pickings were 
made from separate trees. Some 231 individual trees were used in 
1937, and in 1938, 99 trees were used. Several successive harvests 
were made from these individual trees. 

Results 

The experimental work of the years 1934, 1935, and 1936 was of a 
preliminary nature since the trees were just coming into bearing and 
the crop was too small to permit any extensive studies. This prelimi- 
nary work did indicate that the Cortland was highly variable in ripen- 
ing and for best results in storage should be picked at least twice leav- 
ing the fruit to benefit from the higher leaf-fruit ratio. It was evident 
from even the first year that the major consideration in Cortland 
storage is the prevention of storage scald Rasmussen (5) and Christo- 
pher ( 1 ) found in general that development of scald on the Cortland 
was related to the time of harvest, finding a marked reduction in scald 
with increased maturity of the fruit. It is believed, however, that other 
factors rather than that of maturity alone are involved. Pressure test 
data obtained at weekly intervals indicate a drop of roughly 1 pound 
in pressure for each week after the fruit has begun to soften on the 
tree until the pressure has decreased to approximately 13 to 13)4 
pounds. Following that, the pressure drops roughly 3 pounds during 
the next 7- to 10-day interval. Fruit picked at the time when the pres- 
sure test is 13 to 13)4 pounds pressure, making use of a Magness and 
Taylor pressure tester fitted with a 7/ 16-inch plunger, has given the 
best results taking into account both storage and edible quality. This 
degree of firmness occurs approximately 10 to 12 days after the peak 
of the McIntosh harvest. Because this change in firmness of the flesh 
occurs so abruptly, it is believed that the Cortland apple is one of 
the few for which the time of harvest may be determined by making 
use of a pressure tester to determine maturity. This pressure of 13.5 
pounds is the average pressure of the fruit when the ground color has 
begun to take on a slight yellowish tinge or when the ground color is 
roughly 2.8 according to the color charts published in United States 
Department of Agriculture Farmers* Bulletin 1406. 

Trees to which nitrogen was applied produced fruit which devel- 
oped much less scald than fruit from check trees. Sodium nitrate and 
potassium nitrate were much better nitrogen carriers, evidently, than 
was Ammo-phos as indicated by significantly different yields and a 
high amount of scald development. Trees from the Ammo-phos plots 
yielded only one-half that of trees from plots receiving the other nitro- 
gen carriers. In the two years that the soluble solids were determined, 
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TABLE I— Effect of Fertilizer Treatment on the Soluble Solid Con- 
tent OF Cortland Apples ( 1939 ) 


Treatment 

Date 

Harvested 

Trees 

(Number) 

Date 

Determined 

Soluble Solids 
(Per Cent) 

NaNOi 

Sep. 30 

Sep. 30 

Sep. 30 

Oct. 3 

8 

Oct. 1 

14.61 

KNOj 

12 

Oct. 1 

14.33 

Checks 

22 

Oct. 1 

13.67 

NaNOj 

9 

Oct. 4 

15.16 

KNOj 

Oct. 3 

12 

Oct. 4 

14.03 

Checks 

Oct. 3 

23 

Oct. 4 

13.87 


the nitrated plots had by far the higher soluble solid content than did 
the non-nitrated or check rows. The comparative increase during a 4- 
day period in the soluble solid content of the nitrated and the check: 
rows in the 1939 season as is shown in Table I is noteworthy. The 
nitrated plots showed an increase in the soluble solid content, which 
was nearly three times that taking place in the check trees for the 
same period of 4 days. This is probably a partial explanation of the 
effect of nitrogen in bettering the keeping quality of Cortland. By 
means of large increments of photosynthate at approximately the time 
of harvest, an improvement of storage quality is to be expected. 

Collison (2) observed with alternately planted McIntosh and Cort- 
land on an unusually uniform soil with trees receiving an equivalent 
nitrogen application, that the Cortland did not show the fine foliage 
characteristics of the McIntosh with the Cortland having the appear- 
ance of non-nitrogen trees. This same observation has been made in 
widely separated fruit-growing areas of New York State. These 
observations and the results of these experiments point to the fact 
that the Cortland variety may require a much higher application of 
nitrogen than do many varieties to produce trees with .highly efficient 
leaf surface, which in turn will give yields of fruit of good storage 
quality. 

The growing season of 1937 was cloudy and rainy, while those 
of 1938 and 1939 were rather dry with comparatively few cloudy 
days. The fruit of the 1938 and 1939 crops showed much better 
storage quality than did that of the 1937 crop. Tables II and III, 
which are typical of much of the data obtained on scald develop- 
ment with fruit exposed to room temperature, shows the effect of 
maturity, climatic conditions, and nitrogen fertilizer applications. The 
effect of nitrogenous fertilizers on decreasing the amount of scald is 
quite apparent, as is also the effect of successive later picking dates. 
The total solar radiation received up to October 22, 1937, the time 
of the late harvest for that year, did not begin to approach the amount 
of solar radiation received by September 20, 1938, the time of the 
first harvest for that year. The effect of climate on scald development 
in these two markedly contrasting years lends support to the sug- 
gestion of Haller and Harding (3) that fruit grown in seasons of 
ample rainfall, which would usually mean less sunlight, should not be 
held in storage as long as that that has been grown with somewhat 
deficient soil moisture. In 1937 there were probably three factors op- 
erating to cause poor storage quality. With the excess soil moisture of 



TABLE II — Scald Developing on Cortland Apples Exposed at Room Temperature from April 3 to 7, 1938 (Temperature 

Range 72 to 76 Degrees F, Relative Humidity 25 Per Cent) 


SAVAGE : STORAGE QUALITY 
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Solar radiationifom petal drop ta harvest date I 58,192 gr. cal. 61,328 gr. cal. 63,984 gr. 
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that year, there is the dilution effect as described by Haller and Hard- 
ing which makes for a lower concentration of soluble solids. In addi- 
tion to the dilution effect, there is in all probability the lessened pro- 
duction of photosynthate and the greater use of carbohydrates hy other 
tissues. These three factors would act to cause a comparatively low 
soluble solid content. The years 1938 and 1939 on the other hand were 
relatively dry in the Ithaca area with much sunny weather ; therefore, 
light for photosynthesis was less limiting, the dilution factor did not 
enter in as much to lower the percentage soluble solids, and the use 
of carbohydrates by rapidly growing tissue was not so great. 

It was observed for a number of years that the smaller sized fruits ^ 
of the Cortland variety were not nearly so susceptible to storage scald 
as were the larger fruits. To express this observation more definitely, 
a group of apples harvested October 1, 1938, varying greatly in size 
and color and from all treatments, was^ checked for scald development 
on May 1, 1939. The data obtained are presented in Table IV. These 
data indicate a direct correlation betw^een size and scald development 
with the smaller size ranging from 15 to 18 centimeters in circumfer- 
ence showing by far the least scald. 

Overmature breakdown is not the problem it was once supposed 
to be with this variety if the apples are picked within a reasonable 
time limit. Even on the later picked fruit of the years after the orchard 
began to bear fairly heavily, overmature breakdown seldom account- 
ed for more than 4 per cent at a maximum of the wastage occurring 
late in the storage season. Observation and data through these 6 years 
in which these experiments were conducted show that this storage 
trouble becomes less important as the trees become older. 

It is a common observation that the flesh of the Cortland apple does 
not oxidize when the cut surface of the fruit is exposed to the air. 


TABLE IV — Scald Development as Affected by the Size of the Fruit 
(Cortland Variety)* 


Circumference 

(Cms) 

Fruits Examined 
(No) 

Scald 

(Per Cent) 

15 to IS 



18 to 20,. 



20 to 23,,;..., 



23 to 27 




♦Apples examined were from all treatments, crop of 1938. 


Following the technique described by Overholser and Cruess (4) , it 
was shown that the oxidase system of the Cortland was complete. The 
qualitative test for peroxidase showed that it was strongly present. 
Organic peroxides while present were liberated only in small amounts. 
Often over 60 minutes were required before the starch-potassium- 
iodide test showed any results and even then it was only to a slight 
extent. The failure to liberate organic peroxide in sufficient amounts 
accounts for the non-oxidation of the tannin-like compounds or chro- 
mogen of the Cortland. After about 2 hours' exposure to the air, the 
flesh of the variety tends to cork over, preventing to a large extent 
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furthei’ oxidation. If the apple is bruised or the tissue macerated, suf- 
ficient organic peroxide is liberated to cause a rapid browning of the 
flesh. Fully mature fruit also shows some oxidation, whereas the less 
ripe fruit seldom oxidizes. 

The internal appearance of the Cortland throughout the storage 
season is excellent if picked at the proper stage of maturity. This 
variety has not been known to show internal breakdown or core brown- 
ing at the storage temperature of 32 degrees F, The carpellary tissue 
has been found to be extremely compact when compared to the other 
tissites of the Cortland apple, hence it is the last tissue to break down. 

Discussion 

The important consideration in the storage of the Cortland is storage 
scald. From the results of these experiments, it would seem that any 
condition or practice which would be effective in increasing the'amount 
pf photosynthate available to the fijuit as the apples approach maturity 
would make for an improvement in the storage quality of the variety 
by the reduction of scald. 

The mistake should not be made of considering this variety ripe 
when it becomes highly colored, biit rather, picking should be delayed 
until the ground color takes on a yellow tinge and the pressure test is 
from 13 to 13 pounds. 

Since red color development and ability to hang to the tree do not 
offer much of a problem with this variety in the Northeast, the trees 
should be more heavily nitrated than most varieties so that the leaves 
not only stick on the trees longer but also remain in a higher state of 
efficiency to better provide the high sugar content that seems to make 
for better storage quality. Spacing the trees so that light is not a limit- 
ing factor, the practice of judicious pruning so that shading effects 
are reduced to a practical minimum, and spot-picking the fruit re- 
moving those that are well colored and mature, making a higher leaf 
fruit ratio for the apples that remain on the tree, are practices which 
seem to result in improved storage quality. 

As the trees become more mature, scald will become less of a factor 
since with larger trees and heavier crops the size of the individual 
fruits declines, and there seems to be a direct correlation between the 
size of the Cortland fruit and the percentage of scald developing. 

The relationship of weather during the growing season to storage 
quality cannot be disregarded. Seasons of ample sunlight and light 
rainfall resulted in a much better keeping fruit than in seasons in 
which the weather is predominantly cloudy and rainy. In years in 
which there is much rain or cloudy weather, Cortland should not be 
stored as long as in years in which the season is predominantly sunny. 
Excess soil moisture has a diluting effect on the soluble solid content ; 
cloudy weather, other factors being equal, decreases the amount of 
photosynthesis taking place; and the use of carbohydrates by other 
tissues is increased. The net result is lower soluble solid content of the 
fruit and poor keeping quality. 
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Red Color Increase in Fruits After Harvest Following 
Treatment With Methyl Bromide 

By L. L. Claypool, University oj Calijornia, Davis, Calif. 

T he red color of apples, peaches and pears reaches its greatest 
development at the time of harvest and normally does not increase 
in quantity thereafter (1), although the disappearance of chlorophyll 
during subsequent ripening processes may cause it to appear greater. 
Reports have been made by several investigators (2, 3) regarding 
increasing the amount of red color on these fruits, but the methods 
have all been related to further exposure to light. 

In the course of investigations on gas fumigants for fruits an in- 
teresting color effect was noted on peaches. As a result a number of 
tests have been made to determine the effect of methyl bromide upon 
the red color development of peaches, nectarines, pears and apples in 



Fig. 1. Levi Cling peaches. Blushed fruits fumigated with methyl bromide, 
2 pounds, 2 to 4 hours. Other fruits similar at harvest but without sub- 
sequent fumigation. 


289 


290 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


the dark at a temperature of about 68 degrees F and 85 per cent 
relative humidity. 

Methyl bromide at the rate of 1, 2 and 4 pounds per 1,000 cubic feet 
for periods of 1, 2 and 4 hours was used in the tests. In all varieties 
of peaches and nectarines tested the amount of red color "was consider- 
ably increased after a 2 to 5 day holding period. However, only varie- 
ties naturally developing a red blush were used in these tests. The 
treatments giving greatest red color development were CH^Br, 2 
pounds — 2 hours, 2 pounds — 4 hours, and 4 pounds — 1 hour. 
Milder dosages had only a slight beneficial effect on color and greater 
dosages caused injury and failure of the fruit to ripen normally. The 
Levi cling peach showed the most striking increase in red color of any 
peach or nectarine. The quality of color was always excellent and 
seemed to^be superior even to the red color already present. 

Unfortunately, however, in all of the tests with peaches or nectarines 
where color was enhanced the flavor of the fruit was definitely injured, 
thereby eliminating any immediate commercial application of these 
findings. 

In one test with Delicious apples it appeared that an increase in red 
color occurred. However, additional tests did not confirm this. If the 
amount of red color on apples can be increased there may be a critical 
time for treatment. Methyl bromide is rather toxic to apples and 2 
pounds for 2 hours is close to the maximum limit without causing 
injury to flavor and appearance. Bartlett and Comice pears showed 
no red color development after fumigation. 

These results indicate that red color development in peaches and 
nectarines may continue after harvest in the absence of light. Whether 
the processes responsible for the continued color development are 
associated with the formation of precursors to the pigment or changes 
in the chromogen from colorless to colored forms is not known. Infor- 
mation on this subject might be of value in developing a process that 
would increase pigmentation without the off flavors resulting from 
methyl bromide. 
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Treatment of Peach Seed as Affecting Germination and 
Growth of Seedlings in the Greenhouse 

By D. H. Scott and J. G. Waugh, [7. S. Hortictilkiral Station, 
Beltsville, Md. 

I N PEACH breeding work at the United States Horticultural Sta- 
tion, Beltsville, Maryland, the seedlings are started in the greenhouse 
and later transferred to the field. This is done in order to obtain as 
large a tree as possible the first season and thereby shorten the length 
of time required to bring the new seedling into bearing. 

Two years’ results in growing the seedlings in the usual manner in 
the greenhouse were unsatisfactory, from the standpoint of the germi- 
nation of the seed as well as the survival of the seedlings in the pots. 
In an effort to overcome low germination, obtain a good survival of 
seedlings, and get vigorous plants for potting, certain different methods 
of handling the seed have been tried, and the results of the trials are 
reported here. 

General Methods and Materials 

Three separate experiments were conducted over a 2-year period. 
The first two trials were concerned mainly with the effect of different 
media on germination of after-ripened seed. The third included dif- 
ferent methods of handling the seed on each of several different media. 

In all the trials standard wooden flats were used. The flats were 
divided into three equal-sized sections, each section being considered 
as a plot. A different germination medium was placed in each section. 
The plots were randomized and replicated a number of times, depend- 
ing on the experiment. Sterilization was accomplished by placing the 
flats containing the various materials in a large steam-pressure steri- 
lizer. Seeds were after-ripened in a cold-storage room kept at 38 to 
40 degrees F. 

Procedure and Results 

Experiment /, Procedure : — ^The first trial was made in the spring 
of 1939, using the germination materials indicated in Table L Uni- 
formly sized Carolina natural seed was used. The pits were soaked 
in water 2 days and stratified for 75 days at 38 to 40 degrees F in 
boxes of sterilized sharp bank sand, which was moistened every 2 to 
3 weeks. On May 12 the pits were washed free of sand, and 50 seeds 
with the pits uncracked were planted in each plot. 

Just before the end of the stratification period the germination media 
(Table I) were prepared, placed in the flats, and sterilized. Four repli- 
cated plots per treatment were used. The soil was a composted day 
loam used in greenhouse work. The black muck was in a very finely 
divided state. All combinations of the materials, which were in a 1:1 
proportion, were thoroughly mixed in the pile before being placed in 
the plots. Vitamin was used in solution in a concentration of 1 part 
per million, and indolebutyric add in a concentration of 20 parts per 
million. In these last treatments the solutions were poured over the 
plots on the 1st, 4th, 7th, and 10th days after seeding. 
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Fig. 1. Plot layout for Experiment I. Germination about half completed. 


The first seedlings appeared above ground in some of the media on 
the 8th day from seeding, and the last seedlings had appeared in all 
plots in about 3 weeks. At the completion of germination the seedlings 
were washed out of the plots and 10 seedlings per plot were selected 
at random and dried for 2 days at 65 degrees C to determine the rela- 
tive dry weight of the seedlings. 

Results : — The condensed results are shown in Table 1. Although 
analysis of variance of the germination data shows slightly significant 
differences for some of the media, germination on the best plots was still 
too low to be satisfactory. The wide difference in coefficient of vari- 
ability of germination in the materials indicates there was some dis- 
turbing factor present, possibly disease or inadequate after-ripening of 
the seeds. Some of the seedlings had a necrotic region on the stem 
from the ground line down to the branched root system. In many 
instances the stem was completely girdled. Despite this condition, 
germination was slightly better for the muck, sand-muck, and muck- 
peat plots, than for soil, peat, sand-peat, and the indolebutyric acid 
plots. 

There were differences in the velocity of germination as shown by 
Kotowski's formula (7). Seed in muck and sand-muck germinated 
more quickly and more uniformly than seed in soil or quartz sand. 
Where indolebutyric acid at 20 parts per million was applied to the 
sand plots, the seed germination was definitely inhibited. 

The poorest growth was made by seedlings in the peat and sand-peat 
material. Plants in these media at the end of the 3- week period were 
short, with small leaves showing a necrotic area at the tip ; the apical 
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TABLE I — Effect of Some Materials on Peach Seed Germination and 
Seedling Growth 


Germination 


Material 

Average 

Number* 

Per 

Cent 

Coeff of 
Variability 

Coeff of 
Velocity** 

Drj?- 

Weightf 

(Gram) 

Bank sand 

23.0 

46.0 

33.39 

8.24 

3.48 

Quartz sand 

24.2 

48.4 

28.63 

7.20 

3.63 

Soil (composted) 

19.7 

39.4 

32.08 

7.84 

4.23 

Muck 

26.2 

52.4 

15.26 

9.17 

4.73 

Peat 

20.0 

40.0 

21.80 

— 

1.90 

Bank sand — soil 

24.5 

49.0 

17.30 

8.05 

4.03 

Bank sand — muck 

28.5 

57.0 

19.50 

8.94 

4.18 

Bank sand — peat 

20.5 

41.0 

22.92 

— 

2.25 

Soil — muck 

22.0 

44.0 

22.72 

8.09 

4.53 

Soil — peat 

24.5 

49.0 

25.46 

— 

4.65 

Muck — peat 

28.0 

56.0 

17.50 

— 

4.22 

Sand — soil — muck — peat ( 1 : 1 : 1 : 1) 

26.0 

52.0 

18.07 

— 

4.15 

Bank sand — vitamin Bx 

Bank sand — indolebutyric acid, , . , 

19.5 

39.0 

10.25 

— 

3.23 

18.7 

37.4 

16.90 

5.72 

2.53 

Quartz sand — vitamin Bt 

18.5 

37.0 

29.62 


4.03 

Quartz sand — indolebutyric acid , . 

15.0 

30.0 

47.13 

5.75 

2.73 

Diiference for significance 19:1 

7.1 





0.61 

0.79 

99:1..., 

10.6 

— 

— 

0.91 

1.18 


*50 seeds per plot planted in four replicated plots. 
**Calculated by Kotowski’s formula. 
flO seedlings per plot. 


point of the stem was dead ; and the cortex of the stem portion below 
ground w^as apparently girdled. Dorsey (3) apparently found peat to 
be satisfactory as an after-ripening medium, but does not state whether 
the seedlings were grown in the material. When peat was used with 
soil or muck, ho'wever, seedling growth appeared normal. Plants grow- 
ing in muck, muck-soil, and soil-peat w'ere thrifty and vigorous. These 
observations are reflected in the dry weights of the plants. The pH 
of the peat was 4,24 to 4.28 and the sand-peat 4.24 to 4.60 ; whereas 
the pH of the muck ranged from 5.82 to 5.92, muck-soil 6.27 to 6.48, 
and soil-peat 5.95 to 6.23. The root systems of plants growing in sand- 
muck and muck appeared to be larger and more finely branched than 
of those growing in the other materials. Vitamin Bi did not seem to 
have any effect on root development. Indolebutyric acid produced a 
marked effect on the root system — three or four thick, heavy main 
roots were formed which showed only a few secondary rootlets in 
contrast to the finely branched roots produced in the muck. 

Experiment II, Procedure : — ^Because of their performance in the 
previous experiment, seven materials (Table II) were chosen for 
further study in the fall of 1939. These were replicated six times. The 
procedure was the same as in the first test, except that 48 seeds per 
plot, instead of 50, of Carolina natural peach were used. Moreover, 
the pits were disinfected with 2 per cent chlorinated lime and stratified 
intact for after-ripening in the plots in w^hich they were germinated 
rather than in a different box, as in Experiment I. This was done in 
order to reduce danger of disease contaminating the after-ripened pits. 
At the completion of germination, measurements were made of the 
linear stem length of the 10 seedlings used for dry weight determi- 
nation. 

Results : — On the whole, germination in this trial for some of the 
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TABLE ir — Germination of Peach Seed and Early Growth of Seed- 
lings AS Affected by Various Media 



Germination 

Dry 

Weightf 
(Gm) ! 

Stem 

LengthJ 

(Cm) 

Media j 

Average 

Number* 

Per 

Cent 

Coeff of 1 
Velocity** 

Bank sand 

29.6 

61.7 

16.29 

4.23 

20.9 

Quartz sand 

15.6 

32.5 

13.23 

3.93 

19.2 

Soil 

29.1 i 

60.6 

16.35 

4.08 

22.2 

Muck 

20.1 

41.9 

23.33 

5.18 

25.4 

Muck — soil 

21.6 

45.0 

22.32 

5.10 

27.2 

Sand — ^muck 

15.8 

32.9 

19.00 

4.76 

24.1 

Sand — soil 

30.0 

62.5 

18.90 

4.73 

25.0 

Differences for significance 19:1 

99:1 

8-2 

12.3 


i 4.61 
6.91 

0.45 

0.68 

1.76 

2.63 


*48 seeds per plot planted in six replicated plots. 
♦♦Calculated by Kotowski's formula. 
tlO plants per plot. 
jAverage of 10 plants per plot. 


media was somewhat superior to the previous test, as shown by Table 
II. There were distinct differences due to the various materials used. 
Bank sand, sand^soil, and soil were superior to the others in percentage 
of germination, but there was still considerable variation in the plots. 

Seedling emergence again showed the rate of seed germination to be 
most rapid in the muck and muck-soil and slowest in fine quartz sand. 
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The largest plants, as shown by dry weight and linear stem length, 
were grown in the muck and muck-soil plots. Leaves on plants in muck 
and sand-muck were larger and darker than leaves of plants from 
other plots. There were practically no diseased seedlings in any of the 
materials. 

In removing the plants from the plots it was noticed that roots of 
seedlings grown in soil and sand-soil were very brittle. On the other 
hand, the root systems of plants in muck and sand-muck were not 
brittle and were easily removed intact from the media (Fig. 2). 

Experiment III, Procedure : — ^The influence of some germination 
materials on methods of handling the seed was studied in the summer 
of 1940. Three materials : bank sand, 1 : 1 mix of bank sand and muck, 
and fine quartz sand were selected because of differences previously 
obtained wdien seeds were germinated in them. 

Seeds were saved at Beltsville in the fall of 1939 from trees of' 
Elberta and Gold Drop. Gardner and Marth (4) have shown the for- 
mer to be a weak germinator and the latter a strong one under field 
conditions. Previous to planting, the seeds were held at room tempera- 
ture in air-dried condition. 

The pits were soaked in water for 3 days prior to stratification, 
after which they were divided into two lots ; the pits in one lot were 
left uncracked; those in the other lot were cracked and the seed re- 
moved. The pits or seeds were after-ripened in the plots in which they 
were to germinate, as in Experiment II. 

Two periods of after-ripening at 40 degrees F were used, one at 
65 days and the other at 115 days. Seeds in the 6S-day lot were placed 
in the 40 degrees temperature 50 days later than the llS-day group, 
so that all seeds could be removed from storage at one time and be 
subjected to the same germination conditions in the greenhouse. Rela- 
tive humidity was 85 to 95 per cent in the chamber, but it was neces- 
sary to water the flats about every 3 weeks to maintain uniform mois- 
ture conditions in the media, A small fan in the room was kept going 
constantly. 

The treatments were so planned that the factors were used in all 
possible combinations with each other as in a factorial design. This 
resulted in 24 combinations, which were replicated three times to give 
a total of 72 plots, with 40 seeds used in each plot. The treatments were 
randomized within the blocks so that the data could be analyzed by use 
of analysis of variance. 

The flats used were provided with excellent drainage by enlarging 
the holes in the bottom and placing 16-mesh copper wire screen over 
the openings. The media were placed in the plots at random and the 
flats sterilized as before. 

Results : — In this trial there was no difference in germination in the 
three kinds of media (Table III) ; neither was there any difference 
in germination between varieties. This indicates that a variety which 
sometimes shows low germination in the field may germinate well 
under greenhouse conditions. Germination was good in all lots after- 
ripened for 115 days, but was definitely lower in some of the 65-day 
lots. Both varieties in the 65-day lot and Gold Drop at 115 days had 
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TABLE III— Effect of Different Seed Treatments and Three Kinds 
OF Media on Peach Seed Germination and Early Growth 
of the Seedlings 


Seed Treatment 

Seed Germination 

Size of Seedlings 

Media 

Pit 

Treatment 

Days 

After- 

Ripened 

Per 

Cent* 

Coeff of 
Velocity 

Dry 

Weight** 

(Gm) 

Stem 

Lengtht 

(Cm) 


Cracked 1 

Gold 1 
115 

>op 

89.2 

12.10 

4.33 

18.9 


Cracked 

115 

93.2 

11.84 

4.07 

17.8 


Cracked 

115 

80.7 

12.34 

4.30 

19,3 


Cracked 

65 

88.2 

6.64 

3.43 

9.8 


Cracked 

65 

93.2 

7.25 

4.20 

12.3 


Cracked 

65 

89.2 

7.91 

3.40 

14.1 


Intact 

115 

87.5 

8.45 

3.53 

11.3 


Intact I 

115 

78.2 

7.45 

3.63 

10.3 


Intact 

115 

70,7 

11.31 

4.23 

18.6 


Intact 1 

65 

52.5 

5..56 

3.20 

6.7 


Intact 

65 

60.7 

5.52 

3.10 

4.8 

Sand — muck 

Intact 1 

65 

70.7 

6.85 

3.47 

11.6 

Bank sand 

Cracked 

Elbe, 

115 

ria 

85.7 

10.93 

4.87 

17.4 

Quartz sand . 

Cracked 

115 

87,5 

11.63 

5.33 

19.6 

Sand — muck 

Cracked 

116 

84.2 

12.07 

5.23 

21.7 

Bank sand 

Cracked 

65 

79.2 

7.20 

1 4.43 

11.7 

Ql1fi.r+,7 saridi 

Cracked 

65 

87.5 

7.40 

3.96 

11,2 

Sand — muck. 

Cracked 

65 

85.0 

7.96 

4.7Q 

17.1 

Bank sand 

Intact 

115 

89.2 

8.27 

4.43 

15.3 

Quartz sand 

Intact 

115 

93.2 

9.11 

4.90 

16.7 

Sand — muck 

Intact 

115 

85.0 

10.56 

5.27 

21.4 

Bank sand - 

Intact 

65 

65.0 

6.75 

4.23 

10.4 

Quart?, sand 

Intact 

65 

60.7 

6.90 

4.47 

9.6 

Sand — muck : .Trrr ;- . 

■' Intact---.,^ 

65 

1 64.2 

7.29 

4.33 

14.2 


*40 seeds planted per plot with three rejihcated: plots. 
**Total of 10 plants per plot. 
tAverage of 10 plants per plot. 


more seed germinated from the cracked pits than from pits left intact. 
Elberta seed did not show any difference in germination between 
cracked and uncracked pits in the llS-day lot. 


TABLE IV — ^^^NALYSis OF Variance of Peach Seed Germination and 
Seedling Growth for Experiment III 


Source 


Varieties 

Media 

Pit condition 

After-ripening time , . . 

^"ariety Xmedia 

Variety Xpit 

Variety Xtime 

Media Xpit 

Media Xtime 

Pit Xtime 

Variety Xtime Xpit . . . 
Variety Xtime Xmedia. 
Time Xpit Xmedia . . . . 
Variety Xmedia Xpit . . 

Block 

Error 

Total 


D. F. 

Germination 

Counts 

(Mean Sqxiares) 

Dry 

Weights 
(Mean Squares) 

1 

2.72 

15.8673** 

2 

10.06 

0.5706* 

1 

544.50** 

1.6023** 

1 

329.39** 

6.4800** 

2 

0.39 

0.0438 

1 

76.06* 

0.3471 

1 

29.39 

0.0450 

2 

8.00 

0.1938 

2 

47.73 

0.1616 

1 

346.72** 

0.0800 

1 

2.72 

0,0672 

2 

16.89 

0.4200 

2 

8.72 

0.1067 

2 

6.72 

0,3572 

2 

4.06 

0.0043 

48 

71 

15.69 

0.1751 


Coefficient 
of Velocity 
(Mean Squares) 


1.011 

12,119** 

56.652** 

220.587** 

1.238 

2.687* 

2.760* 

2.392 

1,166 

13.253** 


0.786 

0.668t 


♦Significant at 5 per cent level. 
♦♦Significant at 1 per cent level. 
tD. F.«66, 
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The coefficients of ger- 
mination velocity for the 
various treatments show 
that seeds in sand-muck 
appear above ground ear- 
lier and more uniformly 
than in either bank or 
quartz sand. This has 
been consistent through- 
out all the work. Thefe 
was also earlier seedling 
emergence from lots with 
cracked pits than from 
those planted with intact 
endocarp. The most strik- 
ing difference, however, 
was that seedlings after- 
ripened for 65 days were 
much slower to emerge than those for 115 days; likewise, in the 
6S-day lot seedling emergence was much slower for uncracked pits 
than for the cracked ones. Germination for the 65-day lot was more 
rapid in the sand-muck plots than in either of the two sands. 

Seedlings growing in the sand-muck were somewhat larger than 
those growing in bank sand or fine sand. Root systems were very good 
throughout, but were a little superior in the sand-muck material. 
Statistical analysis of the data indicates a wide difference in final weight 
of plants, depending on the variety. This is probably due to the fact 
that Gold Drop seedlings from seed with the pits intact were badly 
diseased in all plots except the sand-muck, where diseased seedlings 
were noticeably absent. There were no diseased seedlings except those 
associated with Gold Drop. The presence of disease in the seedlings 
from uncracked Gold Drop pits also explains the difference in size of 
plants under the two methods of handling the pits. The plants of both 
varieties in the 6S-day lots, however, were much smaller than those in 
the 115-day group, and many of the seedlings in the former group 
showed the characteristic curled leaves and dwarfing that develop from 
lack of sufficient after-ripening. 

Discussion and Conclusions 

The results of this study indicate that the ordinary types of media 
used for stratification and germination of peach seeds, when provided 
with very good drainage, are not as important as certain other factors. 
Excellent drainage in the flats in Experiment III seems to have over- 
come the germination differences noted in the previous trials with these 
media. Although drainage was good in the other experiments, too 
much moisture may have been present in the flats for short periods 
after the seeds were moistened during after-ripening. The oxygen sup- 
ply of the seeds would be reduced during this interval and consequently 
a longer period would be required to complete after-ripening. 

Methods of handling the pits are apparently of greater importance 
from the germination standpoint than different types of media. There 



Fig. 3- Elberta seedlings about 3 weeks old. 
All were after-ripened 65 days with pits 
intact: (1) Grown in bank sand; (2) 
quartz sand; (3) sand-muck. 
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seems to be less danger of the seedlings being diseased if the pits are 
removed from the seeds prior to after-ripening. Once the seeds are 
after-ripened they seem to be very susceptible to disease. Contamination 
is likely to occur if the seeds must be disturbed and transferred from 
the after-ripening medium to the gennination material. Planting the 
seeds and stratifying them in the flats in which they are to be germi- 
nated probably reduces the number of diseased plants and increases 
the percentage of germination. 

When the endocarps were removed, the 6S-day after-ripening period 
yielded as high a germination as the llS-day period, but seedling 
emergence was slower in the former, and many of the plants showed 
the dwarfed condition associated with lack of sufficient after-ripening. 
Haut (6) has shown that a 75-day after-ripening period at 38 degrees 
F is sufficient for peach seeds. 

It is evident from the data in Table III that with the pit intact the 
seeds in the 6S-day after-ripened lot did not germinate as well as those 
given the 115-day treatment. Crocker (1), Crocker and Barton (2), 
Dorsey (3), and Haut (6) all show that removing the endocarp in- 
creases the percentage of germination of peach seeds. This is borne out 
in the present work except in the case of Elberta seed after-ripened 115 
days. Removal of the endocarp in this group did not increase germi- 
nation above that obtained where the pits were left intact. 

Seedling emergence, as measured by coefficient of velocity of seed 
germination, may be associated with the amount of after-ripening a 
seed receives as indicated in Table III. Slow seedling emergence may 
mean lack of sufficient after-ripening. If such is the case, the data 
would indicate that seeds stratified in the sand-muck had received more 
suitable conditions during the after-ripening period than had seeds 
in either of the two sands. 

The retarded growth of seedlings where 20 parts per million of 
rndolebutyric acid was applied is probably due to the high concentra- 
tion used. Other workers (5, 8) have reported that the higher con- 
centrations of certain growth promoting substances retard growth. 

Size and vigor of seedlings have been consistently superior where 
muck has been incorporated with sand, as contrasted with seedlings 
in pure sand. For this reason a sand-muck mixture is used for after- 
ripening and germination of seeds in breeding work at the present time. 
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Wind Damage to Apple Trees on Selected Rootstocks, 
Kearneysville, West Virginia, July 28, 194-0* 

By R. H. Sudds, West Virginia University, Morgantown, W. Va., 
and P. C. Marth, 17. 6'. Horticultural Station, Beltsville, Md. 

A t the University Experiment Farm, Kearneysville, West Vir- 
. ginia, there are several plantings of apple trees on selected root- 
stocks, all but one of which are conducted in cooperation between the 
United States Department of Agriculture and West Virginia Univer- 
sity. Since 1937 several reports by Yerkes and Sudds, chiefly con- 
cerning the growth responses of these trees, have appeared in these 
Proceedings. In this present instance, the subject is the degree to 
which certain of these apple trees on known rootstocks either resisted 
or else failed to withstand winds of high velocity. 

On July 28, a severe electrical storm accompanied by high winds 
of an unknown velocity struck Kearneysville. Approximately an inch 
of rain fell during the storm ; most of this followed the winds. The 
precipitation records showed tiiat the rainfall for May, June, and July 
was about one-half inch less than the 40-year average. While no sam- 
ples were taken before the storm, the soil-moisture content was un- 
questionably much below the field capacity. When apple trees at 
Kearneysville were blown over, a breakage of roots close to the main 
axis, on the windward side of the tree, was involved in every case. 
In no instances were large circular discs of soil and roots raised and 
tilted as, for example, in the New England hurricane of September, 
1938, nor were large roots pulled out of the soil. 

The soil in which the trees were growing is of the Hagerstown 
series ,* the texture varied from a silt loam to a silty clay loam. A few 
small spots of the clay loam were present near eroded limestone 
outcrops. 

Procedure in Recording Wind Damage 

Since the writers were unable to visit the orchard immediately after 
the storm and as it was necessary to repair the damage promptly, the 
work of classifying and recording the types of injury devolved on Mr. 
Edwin Gould, associate entomologist in charge, to whom the authors 
express their appreciation. 

Two principal classes of injury have been made in reclassifying the 
results of the storm. The first included those trees which were broken 
off or blown over with or without attendant root injury, and the second 
comprised the total number of individuals of each variety — rootstock 
combination which were damaged in any way. This total included those 
individuals in the first group plus tliose with severe damage to the 
framework. 

All three blocks of trees to which reference is made in this report 
were treated in exactly the same manner in making the classification 
of the visible wind injury. 

^Published with the approval of the Director, West Virginia Agricultural 
Experiment Station, as Scientific Paper No. 246. 
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Injury in Block A 

The layout of this 
2644-tree orchard con- 
sisting of the Gallia 
Beauty, Starking, Stay- 
marecl, and York Im- 
perial varieties of apples 
on various known root- 
stocks has been described 
previously (3, 4). That 
the wind struck the whole 
area of this 27-acre block 
of trees is attested by 
Fig. 1. Data concerning 
the Gallia Beauty trees 
are omitted, as only 13 
trees of that variety were 
visibly injured in a total 
of 496. 

Tables I and II include 
data on 1729 trees con- 
sisting of 595 Starking, 
554 Staymared, and 581 
York Imperial, both on 
clonal and on seedling 
rootstocks. Of these varieties on all rootstocks, 155 trees, or 8.9 per 
cent, were injured by the wind. Sixty-eight, or 11.4 per cent of the 
Starking trees were damaged, as were 38, or 6.8 per cent of the 
Staymared, and 49, or 8.4 per cent of the York Imperial. 

Each of the three varieties show^ed more injury on the clonal root- 
stocks as a group (Table I) than on the seedlings (Table II). The 
figures for both classes of injury for the Starking were 15.5 per cent 
damaged on clonal rootstocks and 5.9 per cent on seedlings; cor- 
responding values for the Staymared were 8.8 and 3.7 per cent, and 
for the York Imperial they were 9.5 and 6.6 per cent. Totaling the 
three varieties, 11.3 per cent of those on clonal rootstocks and 5.5 per 
cent of those on the seedlings w^ere injured. 

The proportions of damaged trees were much higher than the aver- 
age for each of the three varieties on the clonal rootstocks 316 and 317. 
On Northern Spy variety roots, Staymared and York Imperial were 
severely damaged, but Starking/Northern Spy was much less injured. 
Trees on Mailing XIII and Mailing XV showed the least injury of 
any on clonal stocks. Compared with the trees on 316 and 317, those 
on 313, 323, and 329 showed a relatively small amount of injury. 
York Imperial trees on Mailing I, as they grow at Kearneysville, are 
full dwarfs with all of their well-known shortcomings, which do not 
appear to merit further consideration for planting in commercial or- 
chards of this area. With Gallia Beauty/Malling I, 2 trees out of 15 
were blown over. 

With the seedling rootstocks, Wealthy seedlings worked to the 
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Fig. 1. Block A showing distribution of wind- 
injured trees, indicated by black dots. Un- 
injured trees are not shown. 
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TABLE I — Block-A Three Standard Apple Varieties on Selected 
Rootstocks Trees in Eighth Growing Season 
(Clonal Rootstocks Only) 


Rootstock 

Number Blown 
Over or 

Broken Off 

Total Number 
Damaged 

Total Number 
on Stock 

Per Cent 
Damaged 

Skg * 

Srd. 

York 

... _ 

Skg. 

Srd. 

York 

Skg. 

Srd. 

York 

All 

Varieties 

Mailing I 

1 

1 

12 

1 

1 

12 

24 

19 

22 

21.5 

316 

15 

9 

6 

30 

11 

9 

96 

90 

97 

17.7 

317 

3 

3 

3 

5 

4 

3 

24 

24 

25 

16.4 

Northern Spy. . . . 

1 

3 

5 

2 

4 

5 

24 

24 

24 

15.3 

329 

2 

2 

1 

11 

7 

3 

93 

94 

98 

7.4 

323 

1 

2 

0 

2 

2 

1 

22 

24 

23 

7.2 

313 

2 

1 

0 

2 

1 

0 

19 

23 

23 

4.6 

Mailing XV 

0 

0 

0 

0 

0 

1 

24 

22 

24 

1.4 

Mailing Xm. ... 

0 

0 

0 

1 0 

0 

0 

15 

20 

20 

0.0 

Totals 

25 

21 

27 

53 

30 

34 

341 

340 

356 

11.3 


*Skg. — Starking, Srd. — Staymared. 


three varieties (Table II) showed no injury, although with Gallia 
Beauty (the data for which are not given) 2 trees out of 22 were 
blown over. Northern Spy seedlings budded to Staymared and to York 
Imperial withstood the wind very poorly but did very well with Stark- 
ing; this performance was similar to that observed with the clonal 
rootstock Northern Spy variety. On the McIntosh seedlings, heavy 
damage resulted to Starking, but when budded to Staymared or to 
York Imperial, no injury was observed. Tolman seedlings under 
Starking tops suffered to the extent of one-fifth of their number ; how- 
ever, this test was not entirely comparable, as both outside rows were 
on Tolman and the full force of the blast struck the full exposed length 
of one of the two rows on this rootstock. 

Grimes Golden seedlings worked to York Imperial, and Winesap 
seedlings budded to Starking suffered considerably more than average. 


TABLE II — ^Block-A Three Standard Apple Varieties on Selected 
Rootstocks Trees in Eighth Growing Season 
(Seedling Rootstocks Only) 



Number Blown 

Total Number 

Total Number 

Per Cent 


Over or 

Broken Off 

Damaged 

on Stock 

Damaged 

Rootstock 











Skg.* 

Srd. 

York 

Skg. 

Srd. 

York 

Skg. 

Srd. 

York 

All. 

Varieties 

Northern Spy 

1 

1 

3 


4 

3 

24 

22 

24 

11.4 

McIntosh 

4 

0 

0 


0 

0 

23 

12 

12 

10.6 

Tolman 

2 

0 

1 


0 

2 ! 

20 

22 

22 

9.4 

Grimes 

0 

0 

6 


0 

6 

22 

19 

25 

9.1 

Fameuse 

1 

1 

1 


1 

1 

21 

8 

14 

7.0 

Rome 

0 

1 

0 


2 

0 

24 

19 

26 

4.4 

Delicious 

0 

0 

0 


1 

0 

24 

21 

15 

3.3 

Winesap 

2 

0 

0 


0 

0 

24 

23 

16 

3.2 

Jonathan 

0 

0 

2 

0 

0 

2 

24 

21 

24 

2.9 

French Crab 

0 

0 

1 

0 

0 

1 i 

24 

24 

26 ! 

1.4 

Wealthy 

0 

0 

0 


0 

0 

24 

23 

24 

0.0 







Totals 




n 

8 ! 

15 

254 

214 

225 

5.5 


*Skg. — Starking, Srd. — ^Staymared. 
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but with the other two varieties in each case, no damage resulted. 
French crab with Starking and with Staymared tops showed no injury, 
while with York Imperial the percentage was lower than average. 
With Gallia Beauty, French crab seedlings underwent no loss. Rome 
Beauty seedlings with Staymared exhibited considerable injury, but 
with Starking their record was good, and with York Imperial none 
of the trees was affected visibly. 

Considering the factor of wind resistance only, seedlings of Wealthy, 
Jonathan, Winesap, French crab, Delicious, and Rome Beauty were 
acceptable rootstocks for all four varieties. 

In addition to the injury listed in Tables I and II, there were several 
trees here and there through Block A, which leaned considerably to 
leeward after the storm. These trees were not blown over and yet they 
were very considerably out of their normal vertical plumb. No ap- 
preciable signs of serious weakness or of looseness in the soil were 
detected in any of them when efforts were made by hand to push them 
over the rest of the distance. Probably some injury had been done to 
the root systems. The combinations represented in these ‘leaners’' 
were as follows: Starking / 329, six trees; / 316, six trees; / Grimes 
Golden seedlings, six trees. Staymared/ Jonathan seedlings, two trees ; 
/ 316, six trees; York Imperial / 316, six trees. Gallia/Northern Spy 
variety, 12 trees; / 316, one tree; / Grimes Golden seedlings, six 
trees ; / Mailing I, four trees. None of these are included in the data 
presented in the tables which should be consulted in order to obtain 
some idea of the relative importance of these figures. 

Before the data of Block A were analyzed, the suggestion was 
advanced that the trees with the larger tops, because of the larger 
surface exposed to the wind, were more likely to be injured than the 
trees with smaller areas of tops, A study of these factors shows that 
the mere size of the top had no particularly consistent influence on the 
resulting damage to the trees of any combination represented in the 
block. Frequently, all four varieties on any specific rootstock, regard- 
less of tree size, either withstood the wind well or, in other combi- 
nations, all scion varieties incurred moi*e or less injury on a particular 
stock. 

It is not clear why the Gallia Beauty trees escaped with damage to 
only 13 trees out of 496 or 2.6 per cent. While the Gallia Beauty trees 
averaged smaller than those of any of the other three varieties, the 
largest-sized individuals, those on the clonal rootstocks 316, 317, and 
323, were not much smaller than Starking, Staymared or York Im- 
perial on the same rootstocks. In those latter instances severe damage 
resulted. Most of the Gallia Beauty trees were bearing a very heavy 
load of fruit which had sized well when the storm struck ; of the 3 other 
varieties, only Staymared had as much as half a crop. It is known that 
broken limbs or split crotches are relatively rare with Rome Beauty, 
and evidently this is also true for Gallia Beauty. 

Injury in Block B 

Block B consists of 124 trees of six varieties, York Imperial, Gallia 
Beauty, Jonathan, Staymared, Golden Delicious, and Starking, all on 
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TABLE IV — Block-C Three Standard Apple Varieties on Malling 
Rootstocks (Trees in Ninth Growing Season) 


Varieties 

Stock : 

Total Number of Trees 

On Stock 

Blown Over or 
Broken Off 

Damaged 

Stayman 

I 

13 

3 

4 

Starking 

xrii 

28 

0 

0 

Red Rome 

XIII 

54 

1 

1 

Red Rome 

I 

29 

15 

15 

Totals 1 

124 

19 

20 


damage, while Table IV gives the injury data for Block C. 

Table IV demonstrates clearly the fact that a remarkable difference 
may be expected in the performance of trees of nearly identical size 
and of the same scion variety when worked on two different clonal 
rootstocks. In the case of Red Rome/Malling XIII, one tree was 
blown down out of a total of 54 of that combination. In contrast, with 
Red Rome/Malling I, out of a total of 29 trees, 13 were blown over 
and 2 were broken off in rootstock tissue for a loss of IS trees, more 
than SO per cent of the total number. There had been previous indi- 
cations ( 1 ) that these trees would not stand unsupported. In view of 
the injury with Gallia/Malling I in Block A, where two of the 15 
trees of this combination were blown over — the still more disastrous 
performance of Red Rome/Malling I in the adjoining Block C is 
especially interesting. With Stayman/Malling I, two trees were blown 
over and two split badly, out of a total of 13 trees. The 28 trees of 
Starking/Malling XIII showed no visible injury of any type. 
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Soils and Soil Treatments Affect tlie Morphology 
of French Crab Roots' 

By George A. Filinger, Kansas Agricultural Experiment Station, 
Manhattan, Kans. 

A STUDY of French Crab seedlings was recently initiated at the 
Kansas Agricultural Experiment Station to segregate if possible 
more desirable apple rootstocks than are now available from this 
source. Vigor is one of the characteristics being observed. This paper 
presents some results obtained from a study of the effects of different 
soil treatments on the morphology of French Crab seedling roots. The 
study was made to determine how much soil environment might in- 
fluence root morphology and anatomy as preliminary to a study of the 
stionic effects of selected French Crab rootstocks. Beakbane and 
Thompson (1) recently reported that the internal anatomy of apple 
rootstocks may be an index of their influence on the vigor of cions. 

Materials and Method 

Twenty-four French Crab seedlings selected for uniformity were 
divided into six groups of four each. The trees were planted in wooden 
boxes 18 inches square and 24 inches deep, placing two trees into each 
box. The soils and treatments varied as follows: 

Group 1 : — ^The trees were planted in soil which was obtained from 
the surface 12 inches of the station orchard. It is a Geary silt loam type 
of soil. No special treatment was given the soil. The trees were watered 
as needed for normal tree growth. 

Group 2 : — ^The same type of soil was used as in group 1, but about 
4 ounces of ammonium phosphate was added to the soil in each box. 
The trees were watered as necessary. 

Group 3 : — ^The trees were planted in the same type of soil as group 
1 but were watered only when they showed signs of wilting and then 
only a small amount of water was added. The boxes were covered to 
exclude rain water from the boxes but during heavy rains in the early 
summer some water soaked into the boxes from the sides. 

Group 4 : — ^The same type of soil was used as in group 1. The boxes 
were set into a shallow pan of water in such a way that the lowest inch 
of soil in each box was continually saturated with water. The water 
level was kept constant by an automatic water supply. 

Group 5 : — ^Trees were planted in a idch, composted soil very high in 
organic matter and were watered as needed for normal growth. 

Group 6 : — The trees in this group were planted in a mixture of 
three parts of sand and gravel and one part of clay. The soil thus 
prepared was very low in organic matter. 

All the trees were planted May 2, 1940, and the boxes (except group 
4) were plunged into soil leaving about 3 inches of each box above 
the level of the ground. The stems were all pruned to a single whip 
about 8 inches long and only fibrous laterals were left on the main 

^Contribution No. 172, Department of Horticulture. 
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TABLE I — ^Effects of Soil Treatment on Weight and Size of French 

Crab Seedlings 


Group 

Soil 

Average Weight 
Entire Trees 
(Grams! 

Average Weight 
Roots 
(Grams) 

Average Caliper 
at Soil Line 
(Inch) 

1 

Orchard 

131 

61 

15/32 

2 

Orchard -f ammonium phosphate 

126 

62 

15/32 

3 

Orchard, deficient water 

83 

37 

12/32 

4 

Orchard -{-constant water at base 

156 

68 

18/32 

5 

High organic content 

117 

51 

17/32 

6 

Gravel, low organic content 

141 

67 

17/32 


roots. The over-all length of the trees was about 18 inches and each 
tree weighed about 45 grams when planted. 

All the trees were washed out of the soil on October 17, 1940. The 
sides of the boxes were removed to facilitate washing. The trees were 
photographed and their entire weights recorded. The roots were then 
cut off at the “soil line”, weighed and measured with calipers. Sample 

lateral roots from each 



Fig. 1. Effects of fertilizer on French Crab 
seedling roots. A, grown in orchard soil; 
B, grown in orchard soil plus ammonium 
phosphate. 


plant were preserved for 
anatomical studies. 

Results 

Data on weights and 
measurements are pre- 
sented in Table I. 

The average weights of 
the trees varied from 83 
grams for group 3 in dry 
soil to 156 grams for 
group 4 with the water 
at the base of each box. 
The average weights of 
the roots varied from 37 
grams for the group 3 to 
62 grams for group 2 in 
soil treated with ammo- 
nium phosphate. The 
caliper varied from 12/32 
for group 3 to 18/32 for 
group 4. 

Some striking differ- 
ences were noted in the 
appearance or gross 
morphology of the trees 
and their roots in the 
various groups as illus- 
trated in Figs. 1, 2, and 
3. The trees in group 1 
grew well and the roots 
showed a well balanced 
distribution of large, me- 
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dium, and small roots as 
shown in Fig. lA. Trees 
in group 2 grew well but 
developed many fibrous 
roots (Fig. IB). Root 
systems in group 3 were 
meager with only a few 
large roots and a small 
amount of fibrous roots 
(Fig. 2B). Trees in 
group 4 grew vigorously. 
The upper portion of the 
root systems closely re- 
sembled group 1 but the 
roots which developed 
near the water soaked 
soil at the bottom of the 
boxes were fibrous and 
spread out somewhat 
horizontally. The matted 
fibrous roots were diffi- 
cult to wash out of the 
wet soil (Fig. .2A) . Trees 
in group S grew well and 
developed many fibrous 
roots that were difficult 
to separate from the or- 
ganic matter in the soil 
(Fig.3B). Roots on trees 
in group 6 somewhat re- 
sembled group 1 but had 
fewer fibrous roots. Me- 
dium sized roots were 



Fig. 2. Effects of moisture on French Crab 
seedling roots. A, grown in soil with abun- 
dant water; B, grown in soil deficient in 
water. 


abundant and long (Fig. 3A). 

Microscopic slides were prepared of cross sections of small, medium, 
and large roots in each group. Small roots measured 0.5 to 0.75 milli- 
meters, medium 1.25 to 1.5 millimeters and large 4 to 5.5 millimeters 
in diameter. The prepared slides were studied directly under the micro- 
scope and portions of typical sections were projected and photo- 
graphed. Figs. 4, 5, and 6 are photographs of sections of large roots 
from each group. A study of the sections and of photographs reveals 
these comparisons : The vessels in roots in group 1, grown in orchard 
soil, are somewhat more numerous but smdler than those in roots of 
group 2 where commercial fertilizer was added to the soil. The medul- 
lary rays are more abundant and wider in roots of group 2 than 
group 1. The ratio of phloem to xylem is about the same in the two 
groups (Fig. 4A and B). 

The vessds of roots in group 4 with abundant water are smaller and 
more numerous than those in group 3 where water was deficient. The 
ratio of ray tissue to other tissue is greater in group 3 than in group 4. 
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Fig. 6. Influence of organic matter on French Crab roots. A, cross section 
of root grown in a high organic soil; B, root grown in low organic soil. 
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The ratio of phloem to xylem is about the same in the two groups 
(Fig. 5 A and B). 

The number and size of vessels in the roots are about the same in 
group 5, grown in an abundance of organic matter, and in group 6, 
grown in sandy soil. The medullary rays were somewhat wider in roots 
of group 5 than those in group 6 (Fig, 6A and B). 

These preliminary studies indicate that soils and soil treatments 
influence the morphology and to some extent the anatomy of French 
Crab seedlings. In order to compare the structure of different varieties 
of apple rootstocks it would seem necessary to grow them in the same 
type of soil and under similar soil management methods. Stionic effects 
also no doubt should be studied under similar soil treatments if com- 
parisons are to be made. 

It is proposed to continue the study of the effects of soils and soil 
treatments on French Crab seedlings and also study the stionic effects 
of selected French Crab rootstocks. 

Literature Cited 
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Cold Hardiness of Mailing Apple Rootstock Types 
as Determined by Freezing Tests 

By Neil W. Stuart, U, S. Horticultural Station, Beltsmlle, Md. 

1 ITTLE is known concerning the relative cold hardiness of the Mai- 
-i ling rootstocks for apple trees. Their use is receiving increased at- 
tention in this country, especially in the Northeastern States. In this re- 
gion the degree of resistance to winter injury is an important consider- 
ation in both nursery and orchard. It was the purpose of the present 
study to compare a number of the Mailing rootstock types for resist- 
ance to low temperature injury. 

Materials and Methods 

Mailing rootstocks used in this study were grown at the New York 
State Agricultural Experiment Station, Geneva, New York. They 
were furnished for the freezing tests through the courtesy of Dr. H. 
B. Tukey whose helpful interest and cooperation is hereby acknowl- 
edged. 

The method of testing for cold hardiness has been described (1, 2) 
and involves the conductimetric estimation of electrolyte exosmosis 
from stems or roots as a result of freezing injury. 

Experimental Results 

Hardiness of Stems from 1-Year Rooted Layers: — ^Rooted layers 
from 10 Mailing types were taken from stool beds late in November 
1939, and placed in sand in a common storage nursery cellar at Ge- 
neva, New York. On March 6, 1940, 15 to 20 individuals from each 
type were selected at random, rejecting only those conspicuously 
overgrown or undersized. The trees were brought to the United 
States Horticultural Station, Beltsville, Maryland and tested for re- 
sistance to low temperature. 

The basal etiolated portion of each layer was removed and the stem 
above this etiolated section cut into pieces 0.5 inch long. A S-gram 
sample from each stem was frozen at -15 degrees F for a period of 16 
hours. The remaining stem pieces were combined and 8 to 10 samples 
from each type left unfrozen to serve as controls. After determining 
the conductivity of the electrolytes exosmosed from the frozen and 
unfrozen samples, the latter were heated to boiling and the conductivi- 
ty redetermined to obtain the value produced by complete death of the 
tissues. 

Freezing injury increased the conductivity of the stems of all the 
types over that recorded for the unfrozen samples. However, differ- 
ences in conductivity among the types were also found in the unfrozen 
samples as well as after killing them by heat. Consequently, in order 
to determine the magnitude of the differences necessary for statistical 
significance, the conductivity data were subjected to analysis of vari- 
ance for groups of unequal numbers. The corresponding increments 
necessary for odds of 19: 1 and 99: 1 are presented in Table I. From 
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TABLE I — ^Relative Hardiness of I-Year Malling Clonal Apple Stems 
AS Determined by Electrical Conductivity of Exosmosed Electro- 
lytes After Freezing 5-Gram Samples at -15 Degrees F 


Type 

Specific Cond. X 10“® 

Untreated 

Boiled 

Frozen* 

Standard 
Error dz 

Difference 
Between 
Frozen and 
Untreated 

Standard 
Error d: 

III 

78 

496 

116 

3.57 

38 

12.00 

XIII 

78 

471 

181 

8.96 

103 

9.84 

VII 

91 

433 

194 

4.29 

103 

9.52 

XVI 

76 

437 

188 

5.91 

112 

9.13 

IV 

68 

501 

181 

5.31 

113 

11.40 

V 

86 

464 

212 

4.28 

126 

9.84 

II 

104 

525 

243 

7.51 

139 

11.29 

XII 

71 

526 

219 

5.42 

148 

10.56 

IX 

90 

499 

242 

6.14 

162 

9.13 

I 

60 

494 

228 

5.24 

168 

9.89 


* Analysis of variance: between cions; df = 9, mean square 23,923**; within cions, df ~ 150, mean 
square 569.12. Difference necessary for odds of 19:1-16.7, 99:1-25.0. 


these data it appears that freezing the stems of Mailing III produced 
the smallest increase in conductivity of any of the types. Significantly 
more and progressively greater injury was measured in Malling XIII, 
VII, XVI, and IV, although the differences between these four types 
were not significant. The remaining five types were injui'ed to a sig- 
nificantly still greater degree. It is of interest to note that the increase 
in conductivity caused by freezing the stems of Mailing I was more 
than four times greater than with the stems of Mailing III. This must 
represent actual differences in freezing injury since death of the stems 
by heat produced conductivities that were virtually identical for the 
two types. 

Hardiness of Etiolated Stem Bases : — The basal or etiolated por- 
tions of the 1-year rooted layers from each type were combined and 
S-gram samples frozen at the same time the stems were frozen. As 
would be expected they were in all cases injured much more than were 
the aboveground stems. Most injury as shown by greatest increase in 
conductivity was noted in Mailing IX and IV and least injury in Mai- 
ling III and XVI. 

Hardiness of Roots : — On April 24, 1940, 10 trees from each of the 
10 Malling types were dug from the nursery at Geneva, New York, 
and shipped to Beltsville. These trees had been lined out as rooted 
layers in the spring of 1939. The roots from many of the types were 
small and fibrous. Those tested ranged from 3 to S millimeters in 
diameter. They were cut into pieces 0.5 inch long and a 1-gram sample 
from each tree frozen at 20 degrees F for 16 hours. Results of the con- 
ductivity determinations are shown in Table II. These data were 
subjected to analysis of variance as for the stems. Because all roots 
were injured to a considerable extent by a temperature of 20 degrees, 
the differences between the types are not as great as with the stems. 
However, they do follow the same general order, the only exception 
being Malling XIIL Thus, roots of Malling III and VII showed least 
increase in conductivity due to freezing while the increases with roots 
of Malling I and II were very significantly greater. 
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TABLE II— Relative Hakwness op 1-Year Mallino Clonal Apple 
Roots as Determined by Electrical Conductivity of Exosmosed 
Electrolytes After Freezing 1-Gram Samples at 20 Degrees F 


Type 

specific Cond. X 10“® 

Untreated 

Boiled 

Frozen* 

Standard 
Error ab 

Difference 
Between 
Frozen and 
Untreated 

Standard 
Error =h 

III 

:u 

170 

99 

6.88 

68 1 

9.58 

VII 

27 

151 

95 

4.82 

68 

8.57 

XVI 

30 

177 

108 

4.90 

78 

8.37 

IV 

23 

183 

107 

7.51 

84 

8.61 

V 

25 

167 

116 

8.39 

91 

10.48 

XII 

30 

189 

124 

5.31 

94 

10.91 

rx 

37 

185 

133 

4.45 

96 

9.66 

I 

28 

160 

126 

6.04 

98 

9.56 

XIII 

42 

198 

145 

3.99 

103 

9.11 

II 

34 

199 

162 

5.51 

128 

8.67 


^Analysis of variance: between cions; df ~ 9, mean square 4,688**; within cions, df = 91, mean 
square 366.96. Difference necessary for odds of 19:1 = 17.0, 99:1 = 25.6. 


Tukey and Erase have reported observations of the behavior of 
these Mailing rootstocks in the nursery section of western New York 
during the period from 1928-38 (4). Within this period the root- 
stocks were subjected to the severe winter of 1933-34. None of the 
mother plants W'as killed outright although varying degrees of injury 
to the tops w^ere recorded. During eight seasons (1928-35) 100 per 
cent survival of the six mother plants in each of five types was obtained 
(5). Of these Mailing XVI, VII, V, and III were shown to possess 
superior hardiness by the present laboratory study. Only SO per cent 
survival was obtained in the field tests with Mailing IX. In the present 
study it w^as injured significantly more than the majority of the other 
types. Those showing a lower percentage of survival than Mailing IX 
were not included in the present study. It should, of course, be recog- 
nized that failure of some of the types to survive under field conditions 
may be partly due to factors other than lack of cold hardiness. 

The origin of many of the Mailing cions is uncertain. Without 
doubt they differ greatly in genetic character. It w^ould be very sur- 
prising if differences in potential cold hardiness were not present. All 
of the material tested in the present study was grown at one place 
under similar conditions. .Likewise they were all frozen when dor- 
mant and presumably in the cold hardened condition. How much the 
resistance a stem or root offers to freezing may change even though 
still in the dormant condition is an important consideration but one not 
easily answered- Tukey has observed (3) the general order of bud 
start in the spring for the Mailing rootstocks, and also the general 
order of maturity in the fall of the year (Table III). While it might 
be expected that there would be a direct relation between late matur- 
ing types and their susceptibility to low temperature, this does not 
seem to be the case. On the other hand there seems to be an inverse 
relation between the order of bud start and susceptibility to low tem- 
perature. Those types which start earliest in spring seem most injured 
by low temperature, as Mailing IX, while those types which start 
latest in spring were least injured, as Mailing XVI, 
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TABLE III — Comparison of Amount of Freezing Injury to Etiolated 
Bases From Rooted Layers with Order of Spring Foliation and 
Fall Maturity in Malling Rootstock Stems 


Freezing Injury 
(Beginning With 

Least Injury) 

Spring Foliation 
(Beginning With 

Earliest to Start) 

Fall Maturity 
(Beginning With 

Earliest to Mature) 

XVI 

IX 

11 

III 

IV 

IX 

XIII 

VII 

I 

I 

I 

III 

VII 

V 

IV 

V 

II 

V 

XII 

III 

VII 

II 

XIII 

XII 

IV 

XII 

XIII 

IX 

XVI 

XVI 


In considering the substitution of Mailing rootstocks for the usual 
French Crab and variety seedlings the question of cold hardiness is 
certain to arise, at least in the colder regions of the country. The re- 
sults of the present study afford no evidence as to the relative cold 
hardiness of our common seedling stocks compared with the Mailing 
stocks. For such a study the Malling cions and seedling stocks should 
be grown under similar conditions at several different places. The 
present study indicates that relatively wide differences in hardiness 
occur even among the Mailing types that appear best in the field. If 
these indications, such as the apparent outstanding hardiness of Mal- 
ling III, are substantiated in later tests, considerable experimental 
time and money will have been saved in the search for the best root- 
stock from the standpoint of cold hardiness. 
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(bid Hardiness of Seedlings From Certain Apple 
Varieties as Determined by Freezing Tests 

By Neit. W. Stuart, U. S. Horticultural Station, 
Beltsville, Md, 

Abstract 

This material will be iniblished in full in a U. S. Department of Agriculture 
publication. 

W ITHIN the past decade nurseiyiiien have been planting increas- 
ing nuiy^ibers of seed from our domestic apple varieties for root- 
stock production. Formerly these rootstocks were produced mainly 
from imported French Crab seed. This year, owing to conditions 
abroad, it seems certain that little or no French Crab seed will be 
imported. The relative value as rootstocks of seedlings from different 
domestic varieties needs further investigation. The purpose of the 
present study was to compare the cold hardiness of roots from seed- 
lings of a number of apple varieties. 

Seed was obtained in 1937 from apples grown in the orchards of 
the United States Horticultural Station and the Maryland Agricultural 
Experiment Station at Beltsville, Maryland. Seedlings from 31 varie- 
ties (open pollinated) and 20 different combinations (hand pollinated) 
in which both parents were known were grown at Beltsville in 1938 
and 1939, Controlled freezing tests employing the electrolyte exos- 
mosis conductivity technique were made on 1-year roots in 1938 and 
on 1-year and 2-year roots and 1-year stems in 1939. Analysis of these 
data involving more than 3,000 determinations will be puMished else- 
where. 

The results of the freezing tests reflect the well-known heterozygous 
character of apple varieties, revealing a very high variability in hardi- 
ness of their seedlings. The variability shown by seedlings resulting 
from open pollination was no greater than in progeny from known 
crosses. Seedlings from very hardy varieties as Oldenburg and 
Wealthy were not consistently hardier than seedlings of less hardy 
varieties such as Ben Davis and Grimes Golden. Analysis of variance 
in conductivity determinations with frozen 1-year roots of seedlings 
from 26 varieties shows only six varieties injured significantly more 
(odds of 99:1) than the least injured variety. The least injured seed- 
lings were from the Rome Beauty, Wealthy, Winesap, York Imperial, 
and Grimes Golden varieties. Those most injured were from the 
Winter Banana, Golden Delicious, Nero, Bonum, Williams, and King 
David varieties. 

Greater differences in hardiness among varieties were noted in 
freezing tests with 2-year roots. Seedlings of Yellow Transparent, 
Gallia, and Winesap were injured significantly less than similar seed- 
lings of Stai“king, Northwestern Greening, and Williams. In general, 
seedlings showing several different degrees of resistance to freezing 
injury were found in the progeny of each variety. While the pro- 
portion of hardy seedlings witfin a progeny varied from^ one variety 
to another, it could not be closely associated with the relative hardiness 
of the variety or of the pollen parent when known. 
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Terminal -Shoot Growth of Apple Varieties as Apparently 
Stimulated by Virginia Crab and Hibernal 
Intermediate Stocks 

By M. T. Hilborn, Maine Agricultural Experiment Station, and 
J. H. Waring, University of Maine, 07'ono, Me. 

C OLD resistance is one of the most important factors in apple pro- 
duction in the northern latitudes. Surveys following several severe 
winters have disclosed heavier apple-tree losses in Maine than were 
reported to occur elsewhere in New England. Further, the chronic 
winter injury in Maine retards both growth and yield in practically all 
varieties. After the winter of 1933-34 about 40 per cent of the bearing 
apple trees in the State were reported to have been injured, but later 
observations on recovery of orchards made it apparent that the per- 
centage of injury was actually greater than was first reported. Waring 
and Hilborn (19) indicated the possibility of reducing such loss to 
Maine growers by the use of hardy stocks, and a research program was 
initiated to determine, among other things, the relative growth and 
productiveness of comestible varieties branch-budded or -grafted on 
various intermediate stocks. 

Virginia Crab and Hibernal were the varieties used first in this work 
— first of all Virginia Crab on the recommendation of F. C. Bradford,^ 
but soon both varieties because of their demonstrated cold resistance 
and their desirable framework for topworking, as attested by Maney 
and Plagge (14). The value of hardy intennediate stocks in reducing 
loss from winter injury has been pointed out by many investigators. 
That their use may also increase the productivity of apple trees has 
been reported by Burkholder (3), Cullinan (4), Edgecombe and Lantz 
(5), Maney (10, 12), and McClintock (15) for Virginia Crab and 
Hibernal. Brown (2) also reported increased yield with Mammoth 
Black Twdg as the intermediate stock. 

Other varieties are being added to this study as they become avail- 
able. Among such are Charlamoff and Antonovka although Blair ( 1 ) 
expressed a preference for Hibernal over Charlamoff, because of wider 
crotch angle and greater capability of supporting heavy loads of fruit. 
The importance of width of angle in relation to crotch injury has been 
emphasized by Horsfall and Vinson (18). 

There seems to be justification now for a preliminary report dealing 
with Virginia Crab and Hibernal trees set at Orono in 1935 and 1936 
and topworked by budding and whip-grafting through several years. 
Because of differences in age of scion growth, comparable data could 
be obtained only on 20 top varieties on Virginia Crab and five on 
Hibernal. It was desired to have each top variety represented several 
times on each intermediate stock, but in some cases differences in age 
have made comparison impossible. The number of trees forming the 
basis of the data here reported, therefore, varies from one to five of 
each top variety on each intennediate stock. Also represented in this 

^Personal correspondence with J. H. Waring, 1934. 
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orchard, and in this report, are a few trees of several varieties of which 
each was work'ed on several clonal and seedling rootstocks. 

Five topworked braiiclies were selected in each tree, and on these 
the length of all tenninal and lateral growth made in 1940 was meas- 
ured. These grow^th data were used, in various combinations, for 
comparisons by Bessel's method to determine the significance of the 
difference between any two given means. Odds of 30:1 or better are 
considered significant. 

Table 1 presents the average 1940 terminal growths of 20 varieties 
used as scions on Virginia Crab trunks. It is interesting to note the 
comparative ranking of some of the varieties, especially of those that 
are most prominent in the present composition of Maine orchards. 
Cortland is first of these in this ranking, but McIntosh, Richared, and 
Northern Spy are all near the bottom, all in the fourth quarter. Little 
or no significance is attached, however, to the ranking in Table I, 
considering how many factors influence growth. What seems impor- 
tant, however, is that these 20 varieties have made good growth. 
Maney (11) reported that Virginia Crab dwarfed Rhode Island Green- 
ing about 25 per cent. Lantz (9), McClintock (16), and Maney and 
Pickett (13) found a scion-dwarfing tendency resulting from Virginia 
Crab under several varieties. Goff, also, as reported by Roberts (18), 
observed many years ago that Virginia Crab w^as not a perfect stock 
for all varieties, Pewaukee being entirely incompatible with it. In 
Maine, however, there has been no evidence of dwarfing by Virginia 
Crab. 

Eight of the varieties listed in Table I were represented in this 
orchard on various rootstocks. In Table II the growth of each of these 
varieties on a clonal or a seedling rootstock but with its own trunk is 
compared with the growth on a Virginia Crab intermediate stock 
forming the trunk on a seedling rootstock. In every such comparison, 
very high odds indicate an invigorating effect of the Virginia Crab 


TABLE I — Averagk 1940 Terminal Growth of Varieties Topworked 
ON Virginia Crab 
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TABLE II— Average 1940 Terminal Growth of Several Varieties When 
Worked on Various Rootstocks vs. When Topworked on Virginia 
Crab Which was Worked on Seedling Rootstocks 



Worked on Various Rootstocks 

Growth (Cms) 
When Worked on 

Variety 

Rootstock 

Variety 

Growth (Crns) 

1 Virginia Crab 

Trunks with Seed- 
ling Rootstocks 


Mailing I 

Mailing II 

Mailing XIII 
Mailing XIII 
Mailing I 

Mailing II 

Seedling 

Seedling 

Seedling 

U.S.D.A. 227 

42.4 ±3.46 

81.2 ±3.30 

Baldwin 

43.4 ±2.37 

81.2 ±3.30 

Baldwin 

43.6 ±1.65 

81,2±3.30 

Delicious 

36.4 ±1.54 

74.4 ±3.82 

McIntosh 

13.8 ±0.59 

58.8±1.79 

McIntosh 

20.2 ±1.52 

58.8 ±1.79 

Melba 

58.6 ±1.19 

83.6 ±2.46 

Red Spy 

35.4 ±2.12 

85.6 ±3.30 

Richared 

44.4±1.17 

58.4 ±2.86 

Stalking 

42.8 ±1.47 

86.6 ±3.50 

Wealthy 

Seedling 

35.2 ±4.74* 

57.6 ±1.73* 


*With odds high that the difference from growth on Virginia Crab is significant; all others have 
odds very high. 


intermediate over direct propagation of the scion variety on the root- 
stock. 

Similar comparisons are made in Table III, but with Hibernal as the 
intermediate stock. Compared with Delicious on Mailing XIII, signifi- 
cant odds were not obtained for better growth with Hibernal inter- 
mediate. In the other comparisons, highly significant differences in 
growth favored, the use of the intermediate stock. It appears, then, that 
both the Virginia Crab and the Hibernal varieties have invigorated 
the scion varieties included in these comparisons. Many investigators, 
have reported similar results. In Table IV, comparisons are made of 
the growth of five scion varieties on Virginia Crab trunks with their 


TABLE III—Average 1940 Terminal Growth of Several Varieties 
When Worked on Various Rootstocks vs. When Topworked on 
Hibernal Which was Worked on Seedling Rootstocks 



Worked on Various Rootstocks 

Growth (Cms) 
When Worked on 

Variety 

Rootstock 

Variety 

Growth (Cms) 

Hibernal Trunks 
with Seedling 
Rootstocks 

’pnld’wrin * 

Mailing I 

Mailing II 

Mailing XIII 
Mailing XIII 
U.S.D.A. 327 

42.4 ±3.46 

64.4 ±2.26 

Haldvrin 

43.4 ±2,37 

64.4 ±2.26 

64.4 ±2.26 

Baldwin 

43.6 ±1.65 

D^lioiniis 

36.4 ±1.64* 

42.8 ±1.47 

43.6 ±1.86* 

70.2 ±4.55 

Starking 


*Difference not significant; all others have odds very high. 


TABLE IV— Average 1940 Terminal Growth of Several Varieties 
When Topworked on Virginia Crab vs. on Hibernal 


Variety 

Virginia Crab 
Trunks 

Hibernal Trunks 

Baldwin 

81.2 ±3.30 

82,0 ±4.69 

74.4 ±3.82 

47.4 ±1.70* 
86.6±3.50* 

64.4 ±2.26 

49.2 ±3.31 

43.6 ±1.86 
49,8±1.28 

70.2 ±4.55 

Cortland. 

Delidoua * 

Novthftm Spy j--* 

Starkmg;. .... 


♦Difference not significant; all others have odds very high. 
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growth on Hibernal trunks. In Baldwin, Cortland, and Delicious, 
differences in terminal growth were highly significant favoring Vir- 
ginia Crab. With Starking the difference likewise favored Virginia 
Crab, liut fell just short of the standard of significance. With Northern 
Spy, the small difference in terminal growth on the two trunk varieties 
lacked any significance. 

It must l)e remembered, however, that all the data presented here 
have been obtained from trees in which the growth from the top scions 
was not more than 4 years old. Observations will be continued on these 
trees to see if this apparent invigoration will continue or if dwarfing 
will occur. It is not known what will happen when the trees are so 
completely topworked that all the Virginia Crab foliage is removed. 
Heinicke (7) reported on the influence of the scion leaves on the 
character of fruit produced by the stock. Hedrick (6) also noted that 
the food elaborated by the foliage of the scion may be different from 
that which the stock would have had with its own foliage. It also is not 
known what effect increased age of both the stock and scion will have. 
Morris (17) stated that the differences in bud growth between varieties 
when topworked and when not topworked were less marked the second 
year. All the data reported hei'e were obtained from scion growth at 
least 3 years old, hut the differences noted may be lessened with an 
increase in age. 
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Three-Year Performance of Sixteen Varieties of Apples^ 
on Mailing IX Rootstocks 

By H. B. Tukey and K. D. Bkase, New York State Agricultural 
Expmment Station, Geneva, N, Y. 

B ecause of current interest in dwarf apple trees on the Mailing 
IX rootstock for home and garden planting and the demand for 
more detailed performance records of such trees, the following data, 
preliminary in nature, are presented. They give the records of 16 
varieties for 3 years after planting and include figures on tree survival ; 
height, spread, and trunk diameter; blossom number and set; and 
number, weight, and size of fruit harvested. 

Material and Methods 

The Mailing IX rootstocks were raised as layers from material 
secured from the East Mailing Research Station. One hundred and 
twenty trees propagated on these rootstocks and headed at 18 inches 
in the nursery were set IS by 15 feet in the orchard as 2-year-old trees 
in the spring of 1938. The following varieties were included: Baldwin, 
Cox Orange, Early McIntosh, Gallia, Rhode Island Greening, Grimes, 
Jonathan, Tompkins King, McIntosh, Northern Spy, Red Spy, Stark, 
Turley, Wagener, Winesap, and Wolf River. 

Two rows comprising 80 trees were set in sod, and a third row of 
40 trees was set in plowed sod. All were mulched with straw thereafter 
and kept in sod mulch. The soil is a fertile one (Ontario stony loam). 
Ammonium sulfate, 1 pound to the tree, was applied the second and 
third years after planting. To avoid interference with varietal fruiting 
and general growth habits very little pruning was done.. 

Results First Year Planted 

All of the trees survived the first growing season and grew as vigor- 
ously as or more vigorously than trees of similar varieties on standard 
rootstocks. Strong terminal growth, large leaf size, and dark green 
color of foliage were characteristic features. On the other hand, the 
number of lateral buds that developed into shoots was smaller than 
typically occurs with the same varieties on standard rootstocks, a fact 
which may explain the relatively strong terminal shoot growth ob- 
served. There were a few scattered blossoms the first year the trees 
were planted, but no fruit was harvested (Table I), 

Results Second Year After Planting 

111 the second year after planting, the trees again made strong 
terminal growth, blossomed and fruited (Table I). Several trees died 
during the season from what was diagnosed by pathologists as ‘‘collar 
rot'' associated with winter injury. Examination showed the initial 
injury to occur at the ground level without regard to whether it was 

^Journal Article No, 430 of the New York State Agricultural Experim^t 
Station. 
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TABLE I — Blossoming and Fruiting First and Second Growing Seasons 




Fruiting 


Fruiting 

Variety 

Blossoming 

Number 

Trees 

Number 

Fruits 

Blossoming 

Number 

Trees 

Number 

Fruits 

Baldwin 

First Year 

1 0-VL* I 2 1 

2 

M-MP 

Second Year 
3 

5 

Cox Orange 

0-VL 

0 

0 

M-F 

i 1 

4 

Early McIntosh . . 

VL-P 

0 

0 

M-F 

1 

4 

Gallia 

L^M 

0 

0 

L 

3 

10 

Grimes 

M-P 

0 

0 

0-VL 

1 

1 

Jonathan 

McIntosh 

VF 

0 

0 

VP 

3 

8 

L-M 

0 

0 

P 

1 

1 

Northern Spy .... 

0 

0 

0 

LtoM 

1 

1 

Red Spy 

0 

0 

0 

VL 

0 

0 

R. 1. Greening 

L-MP 

1 

1 

M-F 

4 

5 

Stark 

L-M 

0 

0 

P 

3 

9 

Tompkins King . . . 

0-M 

0 

0 

0-P 

0 

0 

Turley 

0-L 

0 

0 

P 

1 

3 

Wagener 

0-VL 

0 

0 

M 

3 

0 

12 

Winesap 

L-M 

0 

0 

M-MP 

0 

Wolf River 

VL 

0 

0 

L— M 

3 

7 


*0 —none; VL = very light; L=Ught; M =moderate; MF *=• moderately full; F=full; VP = 
very full. 


the scion or the rootstock which was first affected, and resulted in the 
girdling of the tree. The injury spread slowly throughout the season, 
both upward into the scion and downward into the rootstock, most 
extensive invasion being into the rootstock, resulting in death of the 
entire root system and eventual drying out and death of the top. 

Results Third Year After Planting 
In the third year after planting, the trees continued to show vigorous 
growth and dark green foliage except for a few additional trees affected 
with '‘collar rot*'. The strong terminal growth and large size and good 
color of leaves were again characteristic. As the trees began to fruit, 
the more slender branches were inclined to spread and droop, thus 
accentuating the lowness and spread of the trees and their dwarf nature. 
The general shape of the trees is indicated in Table II which gives the 

TABLE II— Tree Survival, Average Height, Spread, and Trunk 
Diameter at End of Third Growing Season 



Height Spread 

Number Number Dead by (Inches) (Inches) 

Planted Third Year and 

Planted 


Trunk Diameter 
12 Inches Above 
the Ground 
(Mm) 
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average height and spread as well as the trunk diameter. Yet each 
variety developed a characteristic habit of growth quite aside from 
general shape. For example the branches of Gallia were few, thin, 
weak, and drooping, and tended to bear fruit near the ends and to 
break under the load, wliereas l)ranches of Cox Orange were more 
numerous, more sturdy, and tended to carry the fruit inside the tree, 
resulting in a comixict, 8ul)Stantial tree. Additional characteristics are 
given for each variety later in this report. 

BloSsWming : — All varieties blossomed a week to 10 days earlier than 
the same varieties on French Crab seedling rootstocks. The average 
number of Idossoms for each tree, together with the number of blos- 
soms set are given in Table III. Not only was the number of blossoms 
high, but the percentage set was also high, necessitating heavy thin- 
ning to prevent overloading. The small blossom drop appeared char- 
acteristic of trees on the Mailing IX rootstock. 

Yield of Fruit: — The number of fruits carried to maturity was, 
excepting for trees with very light load, less than half the number of 
fruits remaining following thinning, and seemed in general associated 
with the vigor and ability of an individual tree to carry a given number 
of fruits through to maturity. For example, the vigorous Stark variety 
matured an average of 38 fruits out of an average of 67 remaining after 
early-season thinning, whereas the less vigorous Jonathan variety 
matured only 24 out of 162 remaining after early-season thinning. The 
figures for number and weight of fruits are given in Table III. 

Maturity^ Quality and Size of Fruit : — ^The fruit matured from a 
week to 10 days earlier on the Mailing IX rootstock than on French 
Crab seedling rootstocks, repi“esenting about the same difference as 
was observed in the earlier blossoming of trees on the Mailing IX 
rootstock. Fruits of Cox Orange, left until the usual picking time for 
this variety, developed severe water core, indicating over-maturity at 
that date. Such varieties as Wagener and Turley, which in some cases 
fail to properly mature, were on these trees, fitlly matured. 

The fruits of rcd-colorcd varieties developed especially high color. 

TA BLE IT I — Bloom, Set, and Yield of Fruit on per Tree Basis During 
Third Growing Season ( 1940 ) 


Fruit Harvested 


Variety 

Number 

Blossoms 

Number 

Set 

Fruit Remain- 
ing After Thin- 
ning 

Number 

Pounds 

Highest Indivi- 
dual Tree 
(Pounds) 

Baldwifii 

109 

137 

80 

34 

13.6 

17 

Cox Orange ...... 

86 

72 

49 

16 

6.7 

13 

Early McIntosh . . 

287 

225 

142 

74 

13.6 

20 

Galha 

67 

48 

22 

12 

3.6 

4 

Grimes 

207 

167 

S3 

41 

12.4 

16 

Jonathan 

247 

217 

162 

24 

4.6 

S 

McIntosh 

189 

140 

114 

61 

12.3 

16 

Northern Spy .... 

63 

46 

23 

13 

4.9 ! 

16 

Red Spy 

5 

4 

2 

2 

•8 

1 

R. 1. Greening 

106 

66 

42 

24 

12,2 

17 

Stark 

119 

49 

67 

38 

167 

19 

Tompkins King. . . 

35 

8 

8 

2 

1.2 

2 

Turley 

49 

21 

16 

6 

1,7 

3 

Wagener 

106 

66 

42 

16 

6.6 

10 

Winesap 

13 

12 

9 

4 

1.8 

3 

Wolf Rrver 

34 

34 

14 

It 

8.8 

14 
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TABLE IV— Size and Uniformity of Fruit from Trees on Malung IX 
Rootstocks ( 1940 ) 


Variety 

Per Cent of Fruit in Each Diameter Class 

Above 3 Inches 

3 Inches 

2^ Inches 

214 Inches 

Below 2}4 Inches 

Baldwin 

62 

29 

8 

1 


Cox Orange — 

39 

30 

30 

1 

0 

Grimes 

0 

10 

41 

42 

7 

Jonathan 

13 

28 

40 

19 

0 

Northern Spy. . 

67 

29 

4 

0 

0 

Wagener 

56 

22 

14 

8 

0 

Winesap 

20 

40 

28 

12 

0 


Such varieties as Stark, which in New York State seldom attain high 
color, developed attractive red color; Cox Orange, which is seldom 
attractive, developed an attractive yellowish-orange color overlaid with 
dark red stripes and splashes ; and Grimes, which frequently shows a 
greenish color, developed an attractive yellow. 

The size of the fruit was slightly above that typical of the variety. 
More significant perhaps, was the general uniformity of the fruit (Table 
I V) , a characteristic usually associated with trees which have reached 
an “adult'' condition, as contrasted with the fruit of young trees on 
seedling rootstocks which is characteristically of uneven sizes. This dif- 
ference was more striking than the table indicates, inasmuch as it shows 
the average of the fruit on all the trees for a given variety. On any one 
tree the fruits were remarkable similar in size, being larger, but 
unifonnly so, on trees bearing lighter crops, and smaller, but again 
uniformly so, on trees bearing heavier crops. 

General Characteristics of Varieties on Malling IX 
Rootstocks at Geneva 

Baldwin: — Tree — sturdy, low, inclined to spreading (Fig. 1). 
Shoots — ^very vigorous, sturdy, good diameter.* Leaves — very large, 
thick, dark green. Blossoming — flight first year, medium second year, 
full third year, set heavy. Fruiting — ^very light first year, light second 
year, full third year, inclined to set in clusters, borne both terminally 
and on spurs, dark color, large size. Well suited to Mailing IX root- 
stock and use as garden plant. 

Cox Orange: — Tree — upright-spreading, symmetrical. Shoots — 
vigorous and numerous, good diameter, sturdy. Blossoming — flight 
first year, medium second year, medium third year, set heavy. Fruit- 
ing — none first year, light second year, good third year, well dis- 
tributed, inside tree on spurs, large size, uniform, excellent color. Well 
suited to Mailing IX rootstock and use as garden plant. 

Early McIntosh: — ^Tree — roundish. Shoots — ^moderately vigorous, 
yellowish cast. Leaves — large, thick, dark green. Blossoming — ^medium 
first^ year, medium full second year, very full third year, set heavy. 
Fruiting — ^none first year, light second year, heavy third year, requires 
thinning, well-distributed, inside tree on spurs, uniform, excellent 
color. Well suited to Malling IX rootstock, early fruiting, good garden 
plant. 

Gallia:— weak, unsymmetrical. Shoots — thin diameter, few, 
willowy, inclined to break, subject to collar rot and fire blight. Leaves 




Fig. 1. Two-year-old trees of (left) Baldwin/Malling IX and (right) Grimes 
Golden/Malling IX (third growing season). 


— ^medium size, light green. Blossoming — flight to medium first, second, 
and third years, set medium. Fruiting — none first year, light second 
and third years, on terminals, uniform, good size, high color. Unsuited 
to Mailing IX rootstock ; too weak and dwarfish for good garden plant. 

Grimes: — Tree — ovate, compact, symmetrical (Fig. 1). Shoots — 
vigorous, sturdy, good diameter. Leaves — medium in size. Blossoming 
— medium first year, light second year, heavy third year, set heavy. 
Fruiting — none first year, light second year, full third year, on spurs, 
inside tree, well distributed, good size, attractive yellow, well matured. 
W ell suited to Mailing IX rootstock, good garden plant. 

Jonathan: — ^Tree — compact, symmetrical, subject to blossom blight 
but without severe advance into branches. Shoots — ^moderately vigor- 
ous, not overly sturdy. Leaves — ^medium in size. Blossoming — ^very 
full beginning first year planted and continuing each year, set heavy. 
Fruiting — ^none first year, light second year, full third year, requiring 
heavy thinning, on spurs, inside tree, well distributed, medium size, 
uniform, high color, well-matured. Well suited to Mailing IX root- 
stock, inclined to be only moderately vigorous, heavy and early blos- 
soming and fruiting, good, garden plant. 

McIntosh: — Tree — inclined to spreading, somewhat scraggly, not 
symmetrical. Shoots — moderately vigorous, inclined to be slender, 
drooping, bark yellowish ‘"off color”. Leaves — variable in size, some 
large, mostly small. Blossoming — flight to medium first year, full second 
year, full third year, set heavy. Fruiting — ^none first year, light second 
year, full third year, on terminals and on spurs inside tree, well dis- 
tributed, medium size, uniform, high color, tends to over bear. Inclined 
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to be lacking in vigor on Mailing IX rootstock, only fair as garden 
plant. 

Northern Spy: — ^Tree — upright, pyramidal (Fig. 2). Shoots — ^very 
vigorous, sturdy, good diameter. Leaves — ^very large, thick, dark green. 
Blossoming — none first year, light second year, moderate third year, 
set moderate. Fruiting — none first year, very light second year, mod- 
erate third year, both terminally and on long spurs inside tree, large 
size, uniform, well-matured, excellent quality, color somewhat dull. 
Well suited to Mailing IX rootstock, makes larger tree than most 
varieties. 

Red Spy: — Tree — upright, pyramidal. Shoots — ^vigorous, very stur- 
dy. Leaves — ^large, thick, dark green. Blossoming — none first year, 
very light second year, very light third year. Fruiting — ^none first two 
years, very light third year, fair color. Well suited to Mailing IX ; in 

comparison with North- 
ern Spy similar to that 
variety but less vigorous, 
more compact, and later 
and more shy in both 
blossoming and fruiting. 

R, 1. Greening : — Tree 
— ^low, spreading. Shoots 
— ^very vigorous, large di- 
ameter, sturdy. Leaves — 
very large, thick, dark 
green. Blossoming — 
moderate first year, mod- 
erately full second year, 
moderately full third 
year, set proportionately 
high. Fruiting — very 
light first year,’ light crop 
second year, full crop 
third year, on spurs, in- 
side tree, well distributed, 
large, uniform, frequent- 
ly blushed. Well suited to 
Mailing IX rootstock, 
vigorous, early and regu- 
lar bearer. 

5 tark : — Tree — up- 
right-spreading, compact, 
symmetrical, subject to 
collar rot. Shoots — very 
vigorous, good diameter, 
sturdy. Leaves — very 
large, thick, dark green. 
Blossoming — light first 
Fig, 2. Two-year-old tree of Northern Spy/ year, full second year, 
Mailing IX (third growing season). moderately full third 
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year, moderate set. Fruiting — none first year, light second year, full 
third year, on spurs, inside tree, well distributed, large, uniform, 
highly colored. Well suited to Mailing IX, except for collar rot, vigor- 
ous, early and heavy bearer. 

Tompkins King: — Tree — ^upright-spreading, scraggly, subject to 
collar rot. Shoots — ^\dgorous, few, long. Leaves — ^large, thick. Blossom- 
ing — flight first year, light second year, light third year, set light. 
Fruiting — none first two years, light third year, terminally, large, 
uniform, dull color. Compatible with Mailing IX but lacking in tree 
and fruiting qualities for good garden plant. 

Turley: — Tree — ^upright-spreading, somewhat scraggly, subject to 
collar rot. Shoots — ^vigorous, few, long. Leaves — ^large, thick, dark 
green. Blossoming — flight first year, full second year, moderate third 
year, set light. Fruiting — ^none first year, light second year, light third 
year, terminally, large, uniform, high color. Compatible with Mailing 
IX but lacking in tree and fruiting characters for good garden plant. 

Wagener: — Tree — inclined to ovate, low, compact, Wights some- 
what. Shoots — moderately vigorous, sturdy. Leaves — ^large, thick, dark 
green. Blossoming — ^very light first year, moderate second year, mod- 
erately full third year, set moderately full. Fruiting — ^none first year, 
light second year, moderate third year, both terminally and on spurs 
inside tree, well distributed, good size, uniform, high color. Well suited 
to Mailing IX, making small compact garden plant. 

Winesap: — Tree — upright-spreading, scraggly, larger than most va- 
rieties. Shoots — ^very vigorous, somewhat thin diameter. Leaves — 
large. Blossoming — light first year, medium to full second year, light 
third year, set poor. Fruiting — ^none first two years, light third year, 
on terminals, scattered, medium size, dull color. Compatible with 
Mailing IX but lacking in tree and fruiting qualities for good garden 
plant. 

Wol] River: — Tree — upright-spreading, scraggly, unsymmetrical. 
Shoots — long, very vigorous, need support. Leaves — ^very large, thick, 
dark green. Blossoming — ^very light first year, moderate second year, 
moderate third year, set moderate. Fruiting — ^none first year, light 
second year, moderate third year, clustered on spurs, very large, high 
color. Compatible with Mailing IX, inclined to spreading, unsymmetri- 
cal tree, and to clustering of fruit. 



Comparison of Domestic Apple and French Crab 
Seedlings as Stocks under Orchard Conditions^ 

B}’ A. L. Schrader and I. C. Haut, University of Maryland ^ 
College Park, Md. 

T his study was made to determine under orchard conditions the 
behavior of apple varieties propagated on several seedlings of 
domestic apple seed sources, as compared to French Crab seedlings. 
In 1930, l-year-old trees^ of Stayman Winesap, Starking, York Im- 
perial and Gallia Beauty were set in an orchard planting, 20 by 20 
feet apart, at the Maryland Horticultural Farm near College Park, 
Maryland. The site of the orchard was on a well-drained, Sassafras 
loam soil. Each of the four varieties had been propagated by budding 
on six understocks, including commercial French Crab seedlings, and 
seedlings of Northern Spy, Rome, Tolman, McIntosh, and Fameuse, 
obtained from open-pollinated seeds of these varieties, as collected 
from two orchard sources, namely, Arlington Farm, Virginia and 
South Haven, Michigan. 

The arrangement of the plots was planned so as to randomize the six 
understocks to permit the use of analysis of variance with each variety. 
Hence, five blocks were used, with each understock occurring once in 
each block, and the six understocks randomized with each of the four 
varieties. The four varieties occurred in each block as two rows each 
but were not randomized in the blocks owing to the necessity for 
maintenance of uniform pollination conditions. A single plot of a given 
variety on a given understock consisted of four trees arranged in a 
square. 

The season of 1930 w^as very unfavorable as the result of a prolonged 
summer drouth and a number of the trees died, particularly of Gallia 
Beauty and York. However, Starking and Stayman maintained a very 
good stand of trees. Trees that were lost in 1930 were replaced with 
2 year old trees in 1931. which grew nearly as well as the original 
trees but have not been considered in the final calculations of results. 
These replants did serve to maintain a complete stand of trees so that 
no trees were favored by blank spaces. In no case was there a complete 
loss of all four trees from any given plot. 

Annual trunk circumference measurements in millimeters and an- 
nual yields per tree w^ere secured to determine the responses of these 
trees. At the end of the 1938 season it was necessary to remove three 
of the trees from each plot as the trees became too crowded for good 
orchard management. All trees received the usual commercial care in 
spraying, and so on, except that the minimum of pruning was done to 
eliminate variation due to pruning differences. At the present time, 
only the Starking and York Imperial trees are remaining in the orchard 
with five trees for each understock for a given variety. 

^Scientific Contribution No. 533, Department of Horticulture, Maryland Agri- 
cultural Experiment Station. 

®The Bureau of Plant Industry, U. S. Department of Agriculture, through 
Mr. G. E. Yerkes and Dr. F. E. Gardner, cooperated in this investigation by 
propagating and furnishing the trees for this experiment, 
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Results 

In Table I, the trunk circumference increases and yields are pre- 
sented as averages per tree, each figure representing the average of 
five randomized plots of four trees each (with the exception of a few 
plots where less than four original trees remained). Interpreting the 
data broadly, there are no differences of real importance among the 
understocks except possibly with Gallia Beauty and even here there 
were no differences in yield, and the growth differences were only 
significant to the 5 per cent point. With Starking, it is difficult to 
emphasize the significance of yield differences, due to the relatively 
low yields recorded for this variety; and the poorer growth on 
Fameuse and McIntosh, although significant statistically, is not of 
great magnitude. In fact, the largest difference in growth as calculated 
on the basis of square area of trunk cross-section, is less than 20 per 
cent. Considering the poorer growth of Starking on McIntosh, this 
does not agree with the results obtained by Yerkes and Sudds (2) 
with this same combination in West Virginia, although it is difficult 
to compare results as the two experiments were not arranged in the 
same way nor were the results analyzed in the same manner. 


TABLE I — Growth and Yield of Four Apple Varieties on Six Seedling 
Understocks, Five of Which Were From Open-Pollinated 
Seeds of Domestic Apple Varieties 


Understock 

Trunk Circumference Increase 

1931 to 1938 Inc. 

Yields per Tree (Bushels) 

Starking 

Stayman 

York 

Gallia 

Beauty 

Starking 

Stayman 

Gallia 

Beauty 

French Crab 

Northern Spy 

Fameuse 

Tolman 

McIntosh 

Rome 

394.4 

402.5 

372.6 

387.7 
361.3 
393.1 

336.2 

324.6 
359.5 

323.3 

348.7 

353.3 

374.2 

370.2 

386.8 

384.0 

360.9 

370.1 

351.4 

319.4 

309.9 

320.9 

4.17 

3.38 

2.44 

4.24 

2.70 

2.54 

7.70 

8.83 

10.03 

8.92 

9.88 

7.45 

8.00 

8.00 

6.62 

7.03 

8.27 

6.67 

Difference 5 % 

necessary 1% 

for significance 

26.6 

No sig- 
nificance 

No sig- 
nificance 

25.3 

1.32 

1.75 

No sig- 
nificance ' 

No sig- 
nificance 

*‘P” Value 

23.5 

2.03 

0.29 

4.10 

3,31 

2.06 

1.39 


All of the six understocks behaved similarly when used under Stay- 
man and York, and this fact, together with the lack of great significance 
for differences with the other varieties, leads one to believe Biat more 
carefully controlled field experiments would show little or no difference 
among the seedling stocks which were used in this work. 

Another point in favor of this view is that the circumference growth 
averages for all varieties in this experiment, although not subject to 
statistical treatment, were very close together, as follows, French Crab 
363.8 millimeters, Northern Spy 365.7 millimeters, Fameuse 359.5 
millimeters, Tolman 351,3 millimeters, McIntosh 357.0 millimeters, 
and Rome 359.3 millimeters. 

Open pollinated seedlings, of course, would be affected somewhat 
by the male parent, as shown by Gardner (1), and hence this factor 
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might be of some importance in applying results of studies with open- 
pollinated seedlings. However, in this experiment, the seeds from 
South Haven and Arlington Farm orchards, behaved similarly. 

Summary 

Four apple varieties, Starking, Stayman, York and Gallia Beauty, 
with few exceptions, tended to behave alike whether grown on French 
Crab seedlings or open pollinated seedlings of Northern Spy, Fameuse, 
Tolman, McIntosh, or Rome. It is indicated that Starking grew some- 
what poorer on Fameuse and McIntosh and Gallia was poorer on 
Fameuse, Tolman and Rome, but reasons have been indicated that too 
much weight should not be placed on these differences. 

Literature Cited 
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Seedling Apple Stocks of Known Origin in 
Nursery and Orchard Tests 

By G. E. Yerkes, U, S. Horticultural Station, Beltsville, Md,, and 
R. D. Anthony, Pennsylvania State College, State College, Pa? 

T he principal apple stocks in current use by nurserymen are from 
seed either of French Crab or American orchard varieties. The term 
French Crab comprises a number of varieties of a type of apple grown 
in Europe for cider making. The fruit has no market value in this 
country. The trees are grown here occasionally but the commercial 
supply of seed is imported in amounts up to several tliousand pounds 
annually. French Crab has been the leading stock for at least 40 or 
50 years and is the foundation for a large proportion of our present 
bearing orchards. Although it is preferred by many experienced 
nurserymen and orchardists, the present trend is to American seed. 
In recent years perhaps as much as half the seed supply has been from 
orchard varieties, largely the sorts grown in the Pacific Northwest. 

Most of the American seed is washed from cider pomace or evapo- 
rator w^aste as a by-product to be had in any desired quantity at low 
cost, as the seed is easily separated in water. Like French Crab, little 
discrimination is made among varieties for the bulk of the commercial 
supply. This mixed seed, properly cared for, usually germinates well 
except that a proportion is damaged by the knives and the presses of 
modern cider mills. The selection of particular varieties for seed would 
add to its cost, but an adequate supply of seed from the prominent 
commercial sorts could be secured without difficulty. Any improvement 
over mixed seedlings to be obtained by this kind of selection could be 
accomplished with little change in nursery procedure compared to the 
cultivation of trees specially for their seed or developing proven cions 
adapted to a wide range of conditions. 

Certain clonal stocks offer much promise. Such ones as Virginia 
Crab, Hibernal and Haralson are resistant to cold and the Mailing 
types are valuable for specific purposes such as various degrees of 
dwarfing. Although the use of these clonal stocks may be expanded 
materially, it is likely that seedlings will continue to predominate for 
many years to come. 

The use of seedlings from cultivated varieties of apples for stocks 
goes far back into horticultural history. It was a standard practice 
among nurserymen of early American times to wash out the seed they 
needed from the pomace of some nearby cider mill. As these early 
nurseries were located mainly in New York and Southern New Eng- 
land, seedlings of our hardier varieties formed the foundation of the 
commercial orchards of this period. In later times with the wide expan- 
sion of apple culture French Crab came into general use and the 
1 -year-old seedlings grown in France, as well as seeds, were imported 
in large quantities. Quarantine restrictions with the object of reducing 
the danger of importing plant pests and eventually the Federal embargo 

*^Authorized for publication on December 13, 1940, as Paper No. 1009 in 
Journal Series of the Pennsylvania Agricultural Experiment Station. 
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on seedlings for stocks were among the influences that renewed atten- 
tion to American production of seedlings from domestic seed as well as 
from French Crab. 

In experiments with seedling apple stocks of known maternal parent- 
age by the United States Department of Agriculture most attention has 
been given to widely grown varieties because seed from them is avail- 
able for general use, although seedlings from some of the less promi- 
nent sorts also liave been grown annually for several years. The seed 
was obtained from several sources, mainly from the experimental 
orchard at Arlington Farm and through the cooperation of the Michi- 
gan Experiment Station by Stanley Johnston at South Haven. 

In germination of seed and size of 1-year-old seedlings, the progeny 
of a number of varieties compares favorably with French Crab under 
cultural methods similar to those practiced in seedling nurseries. 
A list of those varieties from which three or more annual crops pro- 
duced good percentages of usable seedlings includes Ben Davis, Deli- 
cious, Fameuse, Florence Crab, Gano, Golden Russett, Grimes Golden, 
Jonathan, King David, Martha Crab, McIntosh, Missouri Pippin, 
Northern Spy, Oldenburg, Rasmussen, Red Siberian crab, Rome 
Beauty, Shiawassee, Smith Cider, Tolman Sweet, Wagener, Wealthy, 
Whitney crab, Winesap, Winter Banana and York Imperial. 

Within each lot a wide variation in size was always found when the 
1-year plants were graded. In many cases about one-half to two- 
thirds were of usable size, about equally divided between grades one 
and two. It should be noted that size and length of roots are influenced 
very much by the texture and depth of the soil and by the spacing as 
well as the inherent characters of the seed. 

In deep sandy loam most seedlings develop long tap roots with few 
branches. This form is wanted for piece-root grafting but short main 
roots with well distributed branches are preferable for budding. Seed- 
lings of a few varieties have some natural tendency to this form of root, 
especially Fameuse, Kinnard, Jonathan, Delicious, Ben Davis and 
York Imperial, but none compares favorably with those branch root 
seedlings produced artificially by large growers in the Pacific states by 
the expedient of cutting under during early summer when the seed- 
lings are but a few inches tall. 

The inroads of woolly aphis cause the loss of many apple roots not 
only in the first year seedlings but during the succeeding two seasons 
after lining out for budding. While the percentage of loss of trees from 
woolly aphis is larger in the nursery than that after the trees are trans- 
planted to the orchard, aphis damage continues. Seedlings of most 
American varieties are susceptible, like French Crab, to the attacks of 
woolly aphis. Even Northern Spy seedlings are often attacked, al- 
though many of these escape injury. Entz crab also has indications of 
aphis resistance in its seedlings but the hard texture of the roots is 
objectionable and they do not withstand transplanting as well as seed- 
lings of better known varieties. 

In cooperation with the state Experiment Stations, orchard plant- 
ings of varieties budded on some of these seedling stocks have been 
started in the Shenandoah-Cumberland region and other places where 
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the apple is an important crop. Several of them have reached bearing 
age but the crops have not been large or consistent enough to give a 
good index to the influence of the stocks. The relative size of the trees 
as indicated by the trunk measurements is the most feasible means of 
comparison. The York Imperial and Gallia Beauty trees to be referred 
to here were set out in 1930. 

The stocks were from seed planted in 1927. The 1-year-old seedlings 
were selected to include only those 3/16 to 1/4 inch in diameter. They 
were lined out and budded in 1928. The growth from the buds in 1929 
was confined to single stems by pinching out all laterals soon after they 
started. Intermediate size trees were selected for planting and the 
several lots were as nearly uniform in size as the limited number of 
each lot would afford. 

One orchard from this propagation was planted at the Maryland 
Experiment Station. A paper on the results there is being presented 
at this meeting, by Dr. A. L. Schrader. 

The orchards shown in Tables I and II are located in southern 
Pennsylvania on gravelly loam. This soil is composed of a thin layer 
of detritus from the sandstone foothills of Blue Mountain overlying the 
Hagerstown limestone. Except where the subsoil is imperfectly drained 
this is good orchard soil. These orchards have received clean culture. 

In Table I, York Imperial trees on Delicious seedlings are shown to 
be considerably larger than on Gano, Ben Davis or either of the two 
French Crab sources. These two French Crabs were among the largest 
trees in a collection of some 20 French Crab varieties at Arlington 
Farm. As the trees of the different sorts varied greatly in size, it was 
expected that the seedlings of the most robust trees might prove better 
as stocks than commercial mixed seed. This did not prove to be the 
case in the nursery stage where the progeny of these named sorts and 
from imported mixed seed were virtually equal in growth. At the 
present stage of development in this orchard their influence on York 
Imperial differs to a significant degree. 

Another orchard of York Imperial near the preceding one has trees 
on Wealthy seedlings that are a little larger than those on Winesap 


TABLE I — ^York Imperial on Seedling Stocks Planted April 1930, 
Franklin County, Pennsylvania (Gillan Brothers Orchard)"^ 


Maternal Parents of Seedling Stocks 



Standard 

Deviation 

Odds in 
Favor of 
‘ Delicious 

Orcha 

rd No* . 
15 

r 

291 ± 7.25 

29.86 i 


French crab 

23 

228zi=10.16 

70.67 

Large 

(Bonne de Preuilles) 




Gano 

29 

213 ± 7.62 

69.00 

Large 

French crab 

17 

147 ± 7.82 

46.36 

Large 

(Julian le Paulmier) 


141 ± 8.25 

46.33 

Ben Davis 

15 

Large 

Orcha 

Wealthy 

rd No. 
26 

2 

184 db 5.0 

57.44 

Lar^e 

Winesap 

Winter Banana 

28 : 

157 =b 5.20 

56.27 

96 to 1 

19 ' 

144 d= 4.24 

45.00 

X^rge 

Golden Russett 

21 

135 db 4.47 

57.00 

Large 


♦Truiik cross-section areas in square centimeter, September 1940. 
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TABLE II — Gallia Beauty on Seedling Stocks Planted April 1930, 
Franklin County, Pennsylvania (Gillan Brothers Orchard)* 


Maternal Parents of Seedling Stocks 


No. 

Trees 


Mean 


Standard 

Deviation 


Odds in 
Favor of 
Delicious 


Orchard No. i 


Delicious 

French crab 

(Amere-du-Surville) 

Ben Davis 

Golden Russett 

French crab 

(Bramtot) 


25 

21 

15 

29 

25 


Orchard No. 2 


150 ±5.28 
144 ±6.50 

138 ±6.27 
131 ±3.67 
120 ±6.76 


38.37 

43.05 

34.76 

28.77 
49.1 


21 to 1 
57 to 1 


Siberian crab 

7 

16 

145 ±2.50 
130 ±2.50 

35.54 

33.1 

215 to 1 

Winter Banana 

14 

127 ±3.61 

24.1 

175 to 1 

Winesap 

19 ! 

122 ±4.25 

44.57 

585 to 1 


*Trunk cross-section areas in square centimeter, September 1940. 


and considerably larger than those on Winter Banana and Golden 
Russett. 

In Table II is shown two Gallia Beauty orchards in the same locality. 
Here, seedlings of Delicious again carry slightly the largest trees but 
the difference in their favor over trees on French Crab, Ben Davis 
and Golden Russett is too small to be of much significance. 

Seedling stocks of Gano, Winesap and Winter Banana budded to 
Gallia Beauty have produced trees of virtually the same size in the 
second orchard shown in Table 11. While those on Red Siberian Crab 
are the largest, only seven are living of the 19 planted. Similar mor- 
tality of trees on this stock has been experienced at other orchards. 
Some of the trees have failed soon after transplanting, while others 
grew very slowly, giving definite indications of lack of affinity. 

The two plantings in Tables III and IV are situated in north- 


TABLE III — Gallia Beauty on Seedling Stocks Planted April 1930, 
Erie County, Pennsylvania (M. W. Ward Orchard)* 


Maternal Parents of Seedling Stocks 

No. 

Trees 

Mean 

Standard 

Deviation 

Odds in 
Favor of 
No. 1 

Mixed Domestic No. 1 

Florence crab 

23 

23 

20 

28 

113 ±4.37 

99 ±4.25 

91 ±4.46 

86 ±3.55 

30.41 

29.56 

28.77 

27.40 

3 to 1 

31 to 1 
Large 

Mixed Domestic No. 2 

Freucti crab 

(Bonne de FreuiUes) 


♦Trunk cross-section areas in square centimeter, September 1940. 


TABLE IV— Gallia Beauty on Seedling Stocks Planted April 1930, 
Erie County, Pennsylvania (A. W. Fisher Orchard)* 


Maternal Parents of Seedling Stocks 

No. 

Trees 

Mean 

! 

Standard 

Deviation 

Odds in 
Favor of 
No. 1 

Mixed Domestic No. 1 

18 

16 

17 

21 

13 

92 ±3.48 

89 ±3.28 

83 ±2.62 

82 ±3.48 
68±5.16 

21.26 

18.84 

15.56 

23.09 

26.48 


French crab 


Wealthy, 

5tol 

5 to 1 

105 to 1 

Martha crab 

Entz crab. 


♦Trunk cross-section areas m square centimeter, September 1940. 
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western Pennsylvania near Lake Erie, on sandy loam soil formed by 
deposits in a glacial lake. This soil is low in humus. Table III shows 
an orchard of Gallia Beauty on mixed seedlings from two commercial 
sources, Florence Crab and French Crab. The differences here are not 
large, except that the trees on French Crab are significantly smaller 
than those on the first group of mixed seedlings. This seed included 
‘Jonathan, Winesap, Rome Beauty and Delicious in unknown pro- 
portions according to the Washin^on seedling grower who furnished 
it from the supply being used that year for a large commercial crop. 

The stocks in the other Gallia Beauty orchard near Lake Erie 
(Table IV) have induced only minor differences in size except in the 
case of Entz Crab, which gives indications of dwarfing. 

In the comparisons shown here, the emphasis is on relative size. 
In the case of Gallia Beauty and Rome Beauty, as well as other varie- 
ties that grow rather slowly, stocks are needed that will induce the 
most rapid growth. With varieties inherently more vigorous, the 
largest trees may not always be the most desirable. Therefore, the 
results of the present stage of development in these 11 -year-old 
orchards do not afford sufficient basis for a good estimate of the com- 
parative value of the stocks. Delicious seedlings appear to advantage 
here over French Crab for York Imperial and at least its equal for 
Gallia Beauty. Wealthy seedlings have produced larger York Imperial 
trees than the other stocks compared with them, namely, Winesap, 
Banana and Golden Russett. Mixed seedlings from commercial sources 
and Wealthy seedlings also rank among the best in size for Gallia 
Beauty. 



CORRELATION COEFriCIENT 


Comparative Study of Initial and Subsequent Size 
of Citrus Cuttings and Budlings 
By F, F. University of California, Los Angeles, Calif. 

I N a previous report (2) on the comparative behavior of citrus cut- 
tings and budlings it was shown that the variability of the two types- 
of trees, while still in the nursery, does not differ significantly. In other 
words, the data did not support the general assumption that cuttings 

should be more uniform 



m 2 m3 1934 ms ms 

YEAR ENDING 

Fig- 1. Eureka lemon cuttings and budlings. 
Correlation between size at planting in 
orchard and subsequent years. 


because the rootstock fac- 
tor is eliminated. 

In this report on the 
comparative size (cross- 
sectional trunk area) of 
nursery trees and subse- 
quent orchard trees the 
data indicate that the 
rootstock, even though of 
a different species than 
the scion, is not a signifi-, 
cant factor. 

Three of the four Eu- 
reka lemon plots repre- 
sented in Fig. 1 were 
planted in the spring of 
1932. The cuttings were 
then 2 years old and the 
budlings 1 year old but 
with a 3-year-old root- 
system. The fourth plot 
(number 22) was planted 
a year later at the request 
of the grower who be- 
lieved that 2-year-old 
buds are more satisfac- 
tory. Each plot is in a 
different commercial or- 
chard but they are less 
than a half mile apart. 
The soil is light and 
rocky, classed as Hanford 
stony, sandy loam. The 
rootstock is grapefruit, 
grown from seed of a sin- 
gle tree. Each grower se- 
lected a parent tree from 
which both the cuttings 
and the buds were taken. 
The cuttings were rooted 
by the method previously 
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described ( 1 ) and they were set out in the same nursery with the root- 
stock seedlings. The nursery w^as in charge of an experienced man 
wdio also supervised the transplanting to the orchards. All trees were 
planted bare-root because the rocky nature of the soil made it impos- 
sible to ball them. Each plot contains from 68 to 100 of each of cuttings 
and budlings and they have received the same care which the owner 
gives to the rest of the orchard. 


Although several Navel and Valencia plots were planted most of 
them are unsuited for statistical study because either the number of 
trees is too small or the trees suffered a temporary setback during their 
first 2 years in the orchard. The two plots shown in Fig. 2 contain 
only from 20 to 34 trees but they are growing in the same orchard 
which has received uniform care. The soil is classed as Ramona sandy 
loam. The trees are on sweet orange stock and were planted in 1932. 
The cuttings were then 3 years old and the budlings were 2-year-buds 
with a rootsystem 5 years old. It should be mentioned that lemon 
cuttings grow at a faster rate than orange cuttings to the extent that 
a 2-year-old lemon is comparable in size to 3-year-old orange. For this 
reason the orange budlings were kept in the nursery an additional year 
because most of the cuttings were too small to plant when the budlings 
were 1 -year-old. 

All lemon and orange trees were measured in the nursery before 
they were transplanted and at the end of each growing season there- 
after. The cross-sectional trunk area is a reliable growth index for 
young citrus because the trunk is smooth and cylindrical. In order to 
avoid complications due to fruit production the calculations are carried 


only to the end of 1936, 
when the trees began to 
bear. The probable error 
is given where the cor- 
relation coefficient is 0.3 
or above. In view of the 
adequate population size, 
the identity of the root- 
stock and the similarity 
of climate and soil the 
lemon data presented in 
Fig. 1 are probably as 
reliable as can be ob- 
tained. The steeper down- 
ward trend of the cuttings 
in plot 19 is offset by 
plot 21 where the situa- 
tion is reversed. This to- 
gether with the parallel 
trend in plots 20 and 22 
forces the conclusion that 




i932 1933 /934 /935 me 


yEAR ENDfNG 


t e rootstock was not a 2, Navel and Valencia cuttings and bud- 

lactor in the decreasing lings. Correlation between size at planting 
correlation between ini- in orchard and subsequent years. 
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tial and subsequent tree size. The orange data (Fig. 2) support this 
conclusion although the Navel cuttings and budlings show a wide 
difference until 1936. 
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Failure of Seedlings of Apple, Peach, Pear, and Rose 
to Respond Favorably to Vitamin 

By H. B. Tukey and K. D. Erase, New York State Agricultural 
Experiment Station, Geneva, N, F. 

F irst interest in the use of vitamin Bi for fruit trees and woody 
ornamentals, quite naturally is associated with its effect upon the 
performance of already established plants, as nursery stock and orchard 
trees. Because of the possibility that any failure of such material to 
respond to treatment might be due to size and development prior to 
treatment, as with a 2-year-old orchard tree, tests were made with 
seedlings, beginning soon after the germination of the seed. 

Materials and Methods 

Seeds of the Delicious apple (Mains domestica Van. Es.), the Birch- 
leaf pear (Pyrus betulaefolia Bge.), the Muir peach (Prunus persica 
Batsch.), and the multiflora rose (Rosa multifiora Thunb.), were 
after-ripened and germinated in the greenhouse. The apple and pear 
seedlings were planted April 27, the rose seedlings May 7, and the 
peach seedlings May 11. 

When the first true leaves had developed, 80 uniform plants were 
selected from each lot for transplanting to 1 -gallon glazed pots, 10 to 
a pot. Four of the eight pots thus used for each plant material contained 
greenhouse soil, and four contained unwashed bank sand. Two of these 
four received vitamin Bi and two served as checks. In this way, dupli- 
cate pots with bank sand and duplicate pots with greenhouse soil 
received vitamin Bi, and similar duplicate pots received no vitamin Bi, 
for each plant material used. 

Treatment with vitamin Bi (thiamin chloride) secured from Merck 
& Company, was begun 4 days after transplanting and continued for 
12 weeks thereafter, the material being first dissolved in a small quan- 
tity of ethyl alcohol and then diluted with water to a concentration of 
,01 milligi'am per liter. Applications of 100 cubic centimeters of this 
solution, or .001 milligram of vitamin Bi were made to the pots 
scheduled for treatment. Check pots received 100 cubic centimeters of 
water at the same time but without vitamin Bi. 

Results 

All plants made satisfactory growth, except for the rose seedlings 
in greenhouse soil, which sufered from damping off and mildew to 
such a degree as to eliminate them from the test. 

No outstanding differences were observed during the season in 
general growth, color, or development between plants which received 
vitamin Bi and those which received none, either in sand or in soil. 
At the end of the growing season, detailed measurements were made 
of the entire weight of plants, weight of roots, weight of tops, and 

^Journal Article No. 429 of the New York State Agricultural Experiment 
Station. 
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TABLE I — Effect of Vitamin Bi on Apple, Peak, Peach, and Rose 
Seedlings as Shown by Mean Total Weight of Plants, 
Weight of Roots, and Mean Shoot Growth 



Check 

Vitamin B. 

Material 

Total 

Plant 

(Gms) 

Root 

(Gms) 

Total 

Shoot 

Growth 

(Cms) 

Total 

Plant 

(Gms) 

Root 

(Gms) 

Total 

Shoot 

Growth 

(Cms) 


Bank Sand 



4.13 

3.25 

11.89 

4.48 

3.63 

12.39* 

Apple (Delicious) . 

3.65 

2.97 

10.94 

3.73 

2.76 

13.82** 

Rose (Rosa multi flora) 

4.0.3 

2.78 

54.35 

4.38 

2.97 

53.65 

Peach (Muir) 

Pear (Pyrus behtlaefolia) 

Apple (Delicious) 

Greenhouse Soil 

I 3.71 1 2.38 

4.91 3.65 

1 3.74 1 2.94 

28.69 

13.24 

10.66 

3.65 

3.89 

3.43 

1 2.13 1 

3.08 

1 2.79 I 

1 27.43 
12.65 

1 10.88 


♦Difference between means 0-50 centimeters; standard error of difference between means 1.420. 
♦♦Difference between means 2.88 centimeters; standard error of difference between means 1.924. 


length of shoots. The figures are given in Table I. They were subjected 
to statistical analysis and show no significant differences between plants 
receiving vitamin Bi and those not receiving vitamin Bi, either in 
greenhouse soil or in bank sand. 



The Effect of Diploid and Triploid Seedling Stock on 
the Growth and Yield of Certain Jonathan 
Apple Trees^ 

By F. N. Hewetson, Michigan State College, East Lansing, Mick 

T he use of seedlings as rootstocks for fruit trees is the common 
practice in American nurseries. Up until 1930 little attention was 
given to the parent variety of the seedling as most of them were 
imported from France as “French Crab’\ After 1930, it became 
iiecessary to grow seedlings in this country on account of plant quaran- 
tine regulations. Partly as a consequence of these restrictions, investi- 
gations were undertaken in New York and in Iowa to evaluate the 
seedlings of the various domestic varieties of apples grown in this 
country. It soon became apparent that in general most of the com- 
mercial varieties produced adequate seed, which in turn produced 
satisfactory seedlings. However, a.mong the varieties tested, a small 
group produced few seeds which yielded poor slow growing seedlings. 
At the time no explanation was put forth as to the reason for this 
poor growth. However, it was not long before a series of articles was 
published in which it was shown that the lack of vigor of these seed- 
lings was due to their aneuploid constitution, consequent upon the fact 
that their female parent was of triploid constitution. Nebel (3, 4), 
Roscoe (5), and others have made cytological studies of a number of 
apple varieties and have 
listed their chromosome 
count. Seedlings of sev- 
eral varieties having a 
triploid constitution have 
been grown at East Lan- 5 
sing and elsewhere, and ^ 
in every case they have ^ 
produced a poor stand | 
and stunted growth. ^ 

Experimental | 

Procedure ^ 

In the course of their B 
investigations on size dif- 
ferences in apple trees, S 
Bradford and Joley (1) ^ 

grew^ a series of trees on 
seedlings from diploid 
and triploid parents. In 
1933 these seedlings were 
budded to Jonathan. The 
diploid varieties consist- 

of Northern Spy, Fig. 1. Average annual growth per tree. 

^Journal Article No. 505 (n-s.) from the Michigan Agricultural Experiment 
Station. 
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Jonathan and Yellow Bellflower, while Baldwin represented the tri- 
ploid varieties. At the end of the first year of growth, a group of the 
largest and of the smallest trees on diploid seedlings were planted out 
in the orchard 10 feet apart. In their report Bradford and Joley (1) 
grouped the trees on diploid seedlings into '‘large” and "small”, while 
those on triploid seedlings were all grouped together. For purposes of 
continuous comparison this grouping will be adhered to as far as 
possible. 

It is the purpose of this paper to continue the story of these trees 
from 1936, when the writer took over the project, until 1940, 


Presentation of Data 


Data on the growth of these trees from 1935 to 1940 are presented in 
Fig. 1 using area of trunk cross section as an indicator of such growth. 
According to this chart, the original lead of the “large” trees has been 
maintained, though the difference as of 1940 is not statistically signifi- 
cant. This is in agreement with the findings of Marshall (2) as to the 
permanence of size differences in orchard plantings. Because of the 
fact that trees on Yellow Bellflower seedlings were smaller than on 
all but triploid seedlings, they were segregated and shown separately 
in the chart. While there was no significant difference in size between 
these trees and those in the “small” or “large” group they showed 
differences in yield which will be discussed later. The growth of the 
trees on Baldwin seedlings is especially interesting in view of the 
fact that after these trees had been in the orchard for two growing 
seasons they were only slightly smaller than the “small” trees of the 
diploid group. However, the following year, L e. 1937, the trees on 
triploid seedlings showed less annual increase in size than those on 
diploid seedlings, and subsequent annual growth records only served 
to accentuate this growth difference. By 1940 this size difference was 
very noticeable, and it was a simple matter to pick out the small 
Jonathan/triploid seedling trees in the orchard row. 

It was noticeable that during the 1940 growing season these trees 
on Baldwin seedlings were quite abnormal. Foliage was sparse and 
small, terminal growth reduced to a few centimeters and fruit bud 
formation quite prominent. The bark of these trees showed a pro- 
nounced orange red tinge in comparison to the 
normal dark brownish red color of Jonathan 
trees. Data regarding the yield of these various 
groups of trees in 1939 and 1940 are presented 
in Fig. 2. The yields of fruit on the “large” 
and “small” trees on diploid seedlings and on 
Baldwin seedlings were practically identical in 
1939, though trees on Yellow Bellflower seed- 
lings yielded less than half the fruit produced 
by trees in the other three groups. In 1940 
yields of “large” and “small” trees on diploid 
seedlings were again very similar and showed 



Fig. 2. Yield of fruit a normal increase. A very different situation, 
l»ertre^ however, was evident with trees on Baldwin 
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Fig. 3. A typical Jonathan tree on (A) diploid seedling, (B) triploid 
seedling stock. 


seedlings. Instead of showing any increase in yield, these trees actually 
showed a decline in yield, with little indication that such a drop would 
be compensated for in subsequent years on account of the small ter- 
minal growth made by these trees. Yield of trees on Yellow Bellflower 
seedlings showed a normal increase, but was still less than half that 
produced on the ^^small trees’\ 

The size of fruit was also affected by the nature of the seedling 
rootstock. According to data collected in 1940, ^large'' and ‘"smalF’ 
trees on diploid seedlings produced fruit averaging 0.24 and 0.21 
pounds, respectively. On the other hand, trees on triploid seedlings 
produced fruit averaging only 0.14 pounds. Fruit on trees growing on 
Yellow Bellflower seedlings averaged 0.20 pounds. 

Because of the fact that the ‘large” and “small” trees on diploid 
seedlings were made up of two varieties, it was thought worthwhile 
to rearrange these groups into varieties rather than size. Comparisons 
of tree size, however, showed no differences as between trees on Jona- 
than, Northern Spy or Yellow Bellflower seedlings, but did show a 
significant difference between trees on Baldwin seedlings as compared 
to those on the other three varieties of seedlings. 

Conclusions 

From the above data it appears that the following conclusions are 
justified : 1. Jonathan trees on triploid seedlings such as Baldwin are 
significantly smaller and have yielded less than trees worked on repre- 
sentative diploid seedlings, 2. There was no statistically significant 
difference in growth and yield between trees on diploid seedlings which 
were large and those which were small at time of planting, 3. Trees on 
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Yellow Bellflower seedling produced less than one-half the yield of 
trees on Jonathan and Northern Spy seedlings, though being compa- 
rable in growth to such trees. 4. Size of fruit on '‘large’’ and "small” 
trees on diploid seedlings, and those on Yellow Bellflower seedlings, 
averaged 0.24, 0.21 and 0.20 pounds, respectively, while those on 
triploid seedlings averaged only 0.14 pounds. 
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Records on a Full Crop Yield of Apple Varieties 
Topworked on Various Hardy Stocks* 

By T. J. Maney, Iowa Agricultural Experiment Station, 
Ames, la. 


Y ield records on large plantings of topworked apple trees under 
full crop conditions are so few that it seems advisable at this time 
to present supplemental data on a group of trees, the yearly yields of 
which were indicated in a previous report ( 1 ) . Of particular interest 
is the fact that during the season of 1940 these trees matured a full 
crop of high quality apples for all varieties. The total crop represented 
approximately 13,000 picked bushels, out of which were packed about 
10,000 bushels. 

Table I indicates the yields of a 20-acre orchard set in 1924 to 
2-year cut-back Virginia Crab and Hibernal stocks. These trees in 
the nursery were propagated as root grafts made with long scions and 
short piece roots of French Crab seedlings. Nine rows of Hibernal and 
10 rows of Virginia of 40 trees to the row were planted from east to 
west across the orchard ; therefore each represents 1 acre as the trees 
were planted on the square, 2 rods apart. The stocks grew through 
the season of 1924 and were limb budded in August 1925 to various 
standard and promising crossbred seedling varieties. The stocks were 
cut back to the buds in the spring of 1926, so that the tops at the 


TABLE I — Production of Topworked Varieties 












1932 to 
1939* 

1940 

Total 

1932 to 
1940* 

Variety Topworked 

1932 

1933 

1934 

1935 

1936 

1937 

1938 

1939 

1940 

Total 

Lbs 

40 

Trees 

Lbs 

40 

Trees 

Total 

Lbs 

40 

Trees 


Virginia Crab Stock 


Joan 


22 

8 

93 

125 

693 

160 

415 

495 

61,726 


71,746 

Willow Twig 

25 

1 

8 

Til 

260 

116 

255 

550 

530 

42,942 

21,004 

63,946 

Starking 

1 

38 

3 

74 

8 

380 

415 

355 

545 

36,874 

22,791 

59,665 

Grimes 

20 

14 

30 

82 

96 

95 

395 


515 


mamM 

39,614 

Jonathan 

39 

5 

59 

217 

91 

716 

394 

480 

warn 

65.673 

31,194 

96,767 

Hawkeye 

131 

98 

165 

285 

213 

677 

Til 

975 

1135 

84,554 

45,976 

130,629 

Norwel 

1 

36 


— 

78 


670 


930 


36,086 

68,183 

Edgewood 

95 

27 

5 

85 

55 

260 

200 

242 

613 

31,199 

25,117 

56,316 



36 



76 


595 

AIR 


1040 

29^418 

41445 

70,863 

58,687 




47 




40 



^ 

840 

26407 

32,080 





Totals’' 


420,041 

296,175 

716,216 







Deduct Joan total => 

51,726 

20,020 

71,746 







GRAND TOTAL* 

368,315 

276,155 

644,470 





Hibernal Stock 






Willow Twig' 


25 

2 

. . .... 

1.3.5 

12 Sj 

r335 

2301 

Kfrii 

27,724 

* ] 8,698 

1 46,422 

Delicious 



27 

18 

10 

225 

188 

460 


995 

30,862 

40,885 

71,737 

Grimes , . 


23 

2 

35 

132 

18 

327 


770 

21,148 

31,046 


Jonathan 

39 

62 

124 

55 

210 

112 

465 

6 

761 

29,871 

31,165 

KyuMi 

Hawkeye 

mm 

36 

45 

180 

149 

697 

250 

726 

895 

51,097 

mMism 

86,897 

1 *Jnrw#»l 

a 

46 



63 




545 

25 462 

32484 

47446 

Edgewood 

4 

27 

3 

6 

55 

174 

mm 


486 

13473 

18,319 

3l',892 

Sbarfi'n 


16 

104 



oj; 


495 




15 098 


4546 I 

Sharon 






wm 



375 

— 

796 

18,021 


49,681 

j 








Total* 

231,946 

261,019 

492,965 


*Iiiclusive. 


journal Paper No, J-826 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project No. 466. 
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expiration of the season of 1940 represent 15 years of growth. The bud 
take was excellent and the subsequent growth has been exceptionally 
uniform as judged by statistical studies. 

The general layout of the orchard which commenced bearing in 1932 
is indicated by Table 1. It will be noted that Joan is worked only on 
Virginia Crab and that in computing the grand total for the varieties 
on Virginia Crab the production of this variety has been deducted. 
To give a better picture of the regularity of bearing of the different 
varieties from 1932 to 1940 the yields of single trees, selected at random 
from the records, are included. 

A study of Table I shows that the varieties topworked on Virginia 
Crab have far out-yielded those on Hibernal. Certain varieties have 
out-yielded others. This is particularly noticeable for Hawkeye Green- 
ing. The varieties which have given high yields have done so largely 
because of their regularity ii^ bearing. The yields of certain varieties 
came up mainly because the'^1940 crop alone exceeded the total yield 
from 1932 to 1940. This fact is more pronounced with the Hibernal 
stock than with the Virginia Crab. 

The data given in Table II are of particular interest because they 
furnish an opportunity to compare the yields of topworked trees with 
those root grafted and budded on French Crab seedlings. 

The stocks were budded in the nursery row in 1928 and set in the 
orchard in 1930 with 1 year growth on the buds. The data include 
10 trees in each lot. The stock designations are explained as follows : 
O.R., own-rooted ; D.W., stock root grafted on French Crab seedlings ; 
4-7-16, is an open pollinated seedling of Canada Baldwin; 5-2-19, 
an open pollinated seedling of Patten Greening. All the above combi- 
nations were limb budded on the stocks. The Jonathan budded and root 
grafted on French Crab seedlings are conventional nursery stock. 
Medium and strong vigor refers to the type of growth which the stocks 
exhibited in the nursery. Table II indicates the strong influence which 
the stock has on yielding capacity. 

Dudley has made a small tree not only for Jonathan but also for 
other varieties worked on it. The production on Dudley came up in 
1940 but still the trees are of such small stature that they never will 
compare in production with the trees on the other stock combinations. 
The Jonathan budded and root grafted on French Crab seedlings, while 
they are equal in size and uniformity of size to the trees in the other 


TABLE 11 — Production of Jonathan on Various Stock Combinations 



Production (Pounds) 10 Trees 

STOCK 

1938 



Total 

1938 to 1940 

Jonatlmii on Hibernal O.R. 

447 

730 

2913 

4090 

Jonathan on Virginia Crab O.R. 

Jonathan on Dudley O.R. 

495 

857 

1850 

3202 

30 

69 

925 

1024 

Jcmathan on 4-7-16 (Strong vigorf) O.R. 

420 

1515 

4240 

6175 

Jonathan on Virginia Crab D.W. i 

650 

235 

3245 

4130 

Jonathan on 6-2-19 

(Medium vigor) O.R. 

150 

471 

3487 

4108 

Jonathan — Preach, Crab birds 

63 

30 

2185 

2278 

Jonathan — ^French Crab grafts 

14 

238 

1899 

2151 
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combinations, are considerably lower in yielding capacity. Outstanding 
is the yield of Jonathan on stock 4-7-16 which even has out-yielded 
the trees on Virginia Crab or Hibernal. The behavior of stock 4-7-16 
indicates that much may be gained by the testing of other promising 
stocks. 

The records available from the above demonstrations again empha- 
size that the stock as well as the variety has a pronounced effect on 
yields. It is also true that stock effects extend to growth, health and 
longevity of the tree, and it is reasonable to assume that the stock 
influence may be greater than that which might be obtained from the 
application of any other cultural practice. However, we must admit that 
our knowledge on stocks is still too limited to enable us to give very 
reliable recommendations as to the use of any given stock. While 
certain stock varieties seem to be outstanding, yet exact information 
on any particular stock variety combination can be developed only 
through long time records on yield, growth, vigor and adaptation. 
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The Influence of a Scion Variety on the Resistance 
of the Roots Against Frost 

By W. Filewicz and I. Modlibowska, Sinoleka Experiment 
Station, Sinoleka, Poland 

A NTONOVKA in Poland is one of the most resistant varieties. 

• Winter injury to the trunks of this variety has been very seldom 
reported in the horticultural literature. In Sinoleka orchards, injury 
was observed only after the very severe winter of 1928-29 on the trees 
growing on a soil of low fertility in places poorly drained after a 
heavy crop in 1928. Antonovka, grafted in the top of the trees of tender 
varieties, was able to increase the resistance of these trees against frost 
(1). Similar effects were described by Waring and Hilborn in the 
McIntosh (3). 

It is interesting that Antonovka, although the most resistant in the 
trunk, crotch and branches, has rather a negative influence on the 
resistance of the roots. In Sinoleka orchards the roots, on which this 
variety was the scion, froze in a greater degree than those under other 
varieties. A similar effect was found by Stuart in the Wealthy (2), 
In some cases single trees of Antonovka were observed to be in- 
jured; in other cases, several trees in one row or in the same plot 
were effected. In early spring, leaves on these trees showed a chlorotic 
condition and the apples were of small size. Closer examination of the 
roots showed that they were damaged by frost in different degrees. The 
injury was at the time attributed to the tenderness of the roots of 
injured trees. It was difficult to believe that Antonovka, one of the 
best known varieties both in Northern Europe and Canada and known 
especially for its resistance against frost, could bring about such a 
result. 

Yet further proof of this influence was obtained in the Sinoleka 
nursery in 1938-39. In the autumn of 1936, several thousand apple 
seedlings of own production — Northern and Central Poland seedlings 
— were planted in the nursery and several thousand were heeled-in 
to be planted in the spring. The seeds came from northern and central 
Poland in the winter of 1935-36. In October 1936, the lowest tem- 
perature was —2 degrees C. In November the minimum temperature 
to the 16th was —1 C to 5.5 degrees C. On the 20th, the temperature 
fell to —5.9 degrees C and on the 21st it was —11.1 degrees C. There 
was very little snow in the nursery. During the second and third weeks 
of January 1937, the minimum temperature fell to —21 degrees C. 
There was no snow until the 29th and 30th of January. Following this 
snowless winter, all seedlings froze. Only those which were heeled-in 
in the autumn survived. To replace the ones frozen, other seedlings 
were brought from different regions of Poland: Western Poland, 
Central Poland and Southeastern Poland. The seedlings from Western 
Poland arrived already severely damaged and were not planted. The 
rootstocks from Central Poland were much better, but the best origi- 
nated from Southeastern Poland. Three different groups of seedlings 
were planted : (a) Seedlings of own production (the seeds from North- 
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ern and Central Poland); (b) seedlings from Central Poland; and 
(c) seedlings from Southeastern Poland. 

All seedlings were planted in April 1937. They were budded in July 
1937 to the following varieties: Antonovka, Transparent de Croncels, 
Malinova Oberlandzka, Boiken and Kosztela. 

In April 1937, in one section of the nursery 22 rows of Mailing 
stocks were planted (each row included about 100 plants) and were 
budded in the summer with the following varieties : Landsberger r-tte 
(12 rows), Cox’s Orange Pippin (4 rows), Antonovka (1 row), Cort- 
land (1 row), McIntosh (1 row), Golden Delicious (1 row), Delicious 
(1 row), and Jonathan (1 row). 

The budded seedlings and dwarf stocks wintered well and in 1938 
reached an average height of 120 to 140 centimeters. 

The weather in the autumn of 1938 and the following winter was 
approximately as follows : In November, the lowest temperature was 
—2 degrees C, Then the temperature began gradually to fall, and on 
the 15th of December it reached — 6 degrees C. There was absolutely 
no snow covering in the nursery, and on the 16th of December the 
temperature suddenly fell to —18 degrees C, falling lower still on 
December 18, 19 and 20 to —19.3 degrees C. 

Observations on the extent and nature of the winter injury to fruit 
trees in the Sinoleka nursery were made in the spring of 1939. Then 
the factors of origin of the roots, grade, variety and soil conditions 
were studied to find the relation of these factors to the resulting injury. 

Snagging was done in the nursery in March. In April the difference 
in colour of the cut surface could readily be seen ; a light colour seemed 
to prove that the roots were healthy, a dark colour indicated the frozen 
roots, and a medium colour showed that the roots were partially 
injured. 

The influence of the Antonovka trunk on the roots was worse than 
that of other commercial varieties growing in Sinoleka orchards. Table 
I shows a comparison between three rows of Transparent de Croncels 
and three rows of Antonovka budded on the seedlings of the same 
origin, growing near each other in the same section. The influence of 
the budded variety on seedlings of the same origin and the same grade 
growing in the same conditions is generally very similar. The per cent 
of frozen roots in all the rows of each variety differs but slightly. 


TABLE I — ^Effect of Transparent de Croncels and of Antonovka on 
THE Hardiness of Seedlings 


Frozen Trees 

Healthy Trees j 

Total Ntmiber of 
Trees in Row 

Number 

Per Cent 

Number 

Per Cent 



Transparent de Croncels 


44 

46 I 

1 51 1 

1 54 1 

1 95 

31 

35 42 

58 j 

1 65' 58 1 

89 

42 

45 1 

1 51 1 

1 55 1 

1 93 



Antonovka 



65 

69 

29 1 

31 1 

94 

68 

80 75 

17 

20 26 

85 

72 

75 

24 

25 1 

96 




35 



Fig, 1. Three rows of Antonovka (middle row marked by stick). On the 
right of these are rows of Croncels. The frozen trees were dug out. 


Table II furnishes additional data on the scion influence of Anto- 
iiovka. If we compare the influence of Antonovka on seedlings of 
various origin, we see that when grafted with Antonovka only 9 per 
cent of the seedlings were frozen when seed originated from Northern 
and Central Poland (Table II — N.G. Poland; while 20 per cent of 
the seedlings from Central Poland and 75 per cent of the seedlings 
from Southeastern Poland were frozen* 



Fig. 2. Three rows of Croncels (middle row marked by stick). The frozen 
trees were dug out. 
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The type of soil in which the seedlings are grown also affects the 
degree of frost injury ; for example, 75 per cent of Southeastern Poland 
seedlings were frozen in a sandy loam, while 91 per cent were frozen 
growing in a more sandy soil. 

If we compare the influence of Croncels on seedlings of various 
origin, we see that when grafted with Croncels only 2 per cent of seed- 
lings from N. C. Poland were frozen, while 42 per cent of seedlings 
from S. E. Poland perished from frost. 

The grade of seedlings was also of importance. Grade I seedlings 
suffered less from frost injury than grade II seedlings : Two per cent 
of N.C. Poland and 42 per cent of G.E. Poland, Grade I, seedlings 
were frozen ; while 3 per cent of N. C. Poland and 64 per cent of S.E. 
Poland, Grade II, seedlings were killed by frost. 

When grafted with Boiken, 11 per cent of Grade I seedlings from 
N. C. Poland were frozen; while 18 per cent of those from Central 
Poland, Grade II, and 51 per cent from S.E. Poland, Grade 11, suf- 
fered from frost injury and perished. 

Dwarf Stocks 

The influence of the top-grafted variety on the clonal rootstocks after 
the snowless winter was observed in the same nursery in April 1939. 
A difference in colour could be seen in the cut surfaces. As in the case 
of seedlings, the light colour seemed to prove that the roots were 
healthy; the dark colour indicated that the roots were frozen. 

As we see from the Table III, these dwarf rootstocks also show a 
different degree of resistance dependent on the variety growing upon 
them. The freezing of these rootstocks does not depend on the resist- 


TABLE II — ^Effect of the Scion Variety on the Hardiness of Seedlings* 


Rootstocks 


Frozen 

1 

1 Healthy 

Total 

Origin 

Grade 

Number 

Per Cent 

1 

Number 

Per Cent 

Number 

Northern and Central 
Poland 

I 

Anloncvka 

1 60 1 9 

608 

91 

668 

N. C. Poland 

II 

38 

9 

380 

91 

418 

Central Poland 

11 

103 

20 

417 

80 

520 

S, E. Poland 

I 

206 

75 

70 

25 

276 

S. E. Poland 

I 

3,170 

91 

309 

9 

3,479 

N. C. Poland 

I 1 

Boiken 

1 66 1 11 1 

1 630 1 

89 

1 596 

Central Poland 

II i 

86 

18 

388 

82 

474 

S. B. Poland 

II 1 

98 

61 

1 95 1 

49 

1 193 

N. C. Poland | 

1 I' ! 

KosUela 

I 40 1 6 ! 

1 676 : 

1 94 

1 616 

N. C. Poland 1 

1 I 1 

Malincva Oberlandgka 
\ U \ 9 1 

[ 424 1 

1 91 

i 468 

N. C. Poland, 

I 

Transparent de Croncels 

1 10 ! 2 1 

498 

98 

508 

N. C. Poland 

II 

14 

3 

409 

97 

423 

S. E. Poland 

I 

117 

42 

160 

58 ‘ 

277 

S. B. Poland. 

II 

841 

64 

473 

36 

1,314 


★Soil — Sandy loam. 
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TABLE III— Effect of the Scion Variety on the Hardiness of the 
Mailing IX Rootstock 


j 

Number 

Variety 

Rootstock 

Frozen 
(Per Cent) 

Healthy 
(Per Cent) 

Number 
of Rows 

1 

Cox’s Orange Pippin .... 

Mailing IX 

14 

86 

4 

2 

Antonovka 

Mailing IX i 

81 

19 

1 

3 

Cortland 

Mailing IX 

85 

15 

1 ■ 

4 

McIntosh 

Mailing IX 

87 

13 

1 

5 

Golden Delicious 

Mailing IX 

88 

12 

1 

6 

Delicious 

Mailing IX 

90 

10 

1 

7 

Jonathan 

Mailing IX 

91 

9 

1 

8 

Landsberger R-tte 

Mailing IX 

94 

6 

12 


aiice of the scion variety, but upon its specific influence on the root- 
stock. The most tender, Cox's Orange Pippin, had such influence on 
the dwarfing rootstock, East Mailing IX, that only 14 per cent were 
frozen ; while budded with Antonovka, the most resistant of all men- 
tioned varieties, 81 per cent perished from frost. 

In conclusion, the above data prove that the freezing of the root- 
stock depends, not only on its own resistance, but also in a large 
degree, on the scion variety growing upon it. Microclimatical condi- 
tions, and, to a certain extent, the vigour of the rootstocks are of 
importance. 
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Nursery Behavior of Certain European Apple Varieties 
of Prospective Value as Trunk-Formers 

By F. C. Bradford, U. S, Department oj Agriculture, 

Glenn Dale, Md, 

S OME American nurserymen have long utilized double working in 
producing trees of certain apple varieties which make poor growth 
in the nursery; by grafting these varieties on yearling whips of 
coarser-growing varieties they secure an increase in the percentages 
of trees meeting standard requirements as to caliper and, in some 
measure, as to height. For many years some fruit growers in regions of 
particularly cold winters, notably in Iowa, have resorted to double- 
working in the orchard as a means of securing greater hardiness in 
trunk and crotches, usually the most vulnerable portions of an apple 
tree. In comparatively recent years some double working has been 
done in the nursery as a means of forestalling injury from the organism 
producing collar rot, to which Grimes Golden is notably susceptible. 
Since the number of varieties suitable for use as interstocks is limited, 
and some of these have been shown experimentally to have adverse 
effects on certain varieties worked on them, though they affect others 
beneficially, additions to the list of potential interstocks are desirable. 
The ultimate test of interstocks, or “trunk-formers^’, must obviously 
be made in the orchard, but the preliminary sorting of candidates for 
the orchard tests should be done in the nursery, since a variety which 
does not make at least average growth in the nursery will be handled 
reluctantly by nurserymen and cannot be topworked readily at the 
most advantageous time, in the nursery or in the orchard. 

The present paper records the first year’s growth from bud, in the 
nursery of the Division of Plant Exploration and Introduction, at 
Glenn Dale, Maryland, of certain foreign varieties of apple, which were 
included in the test either because they are used in European nurseries 
as trunk-formers or because they have been reported to be highly 
resistant to winter cold or in a few cases because observation sug- 
gested desirability of their trial. Still other varieties are being tested in 
similar manner. Usefulness as trunk-formers in Europe does not guar- 
antee similar usefulness under American conditions, partly because of 
climatic differences, but more particularly because the method em- 
ployed in double-working in Europe differs widely from that suited to 
American conditions and because selection of trunk-formers in Europe 
is made with reference to resistance to a canker not prevalent in 
America and without reference to resistance to fire-blight, which is 
not prevalent in Europe. 

In a few cases authenticity of the introduced material has been defi- 
nitely established ; in many cases this has not been possible. For this 
reason the Plant Introduction numbers, as well as the variety names, 
are listed. 

The varietjgs used in these tests were represented, in most cases, 
by 50 to 60 trees. In two years these were budded in systematic 
rotation ; in one year they were budded in randomized plots of five 
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TABLE I— Growth Made by Virginia Crab as Yearling Whip in 1938, 

1939 AND 1940 


Year 

Trees 

(No) 

Mean Height 
of Whip 
(Cm) 

Mean Diameter 
at 5 Cm 

From Bud 
(Mm) 

Trees Graftable 
at 76 Cm 
(Per Cent) 

1938 

67 

141.9 

13.0 

89.6 

1939 

58 

132.0 

12.8 

89.8 

1940 

53 

112.9 

10.1 

52.8 


trees each, arranged in three blocks. Aside from prompt removal of 
secondary shoots, the trees received no special care. They have been 
infested rather consistently with apple twig borer, which seems to 
work impartially so far as varieties are concerned, and by leaf-hoppers, 
whose efects are shown much more by some varieties than by others. 
In one year fire-blight was present. 

Virginia Crab has been grown each year as a representative Ameri- 
can trunk-former, to seiwe as a standard by which other varieties are 
measured and through which varieties grown in different years may 
be compared. Its growth in each of the three years covered by this 
report is set forth in Table I, in absolute measurements. Growth of the 
other varieties, expressed in percentages of that of Virginia Crab for 


TABLE II — Seedling Diameter After Budding and Height of Yearling 
Produced by Certain Apple Varieties (in Percentage of Growth 
Made by Virginia Crab in the Same Season) 
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TABLE III— Varieties Compared as to Percentages of Trees Large 
Enough at 76 Cm for Grafting and as to Basal Diameter 


Variety 

Per Cent 
Graftable 
(Per Cent 
of V. C.) 

Diameter 
at 5 Cm 
(Per Cent 
of V. C.) 

Per Cent 
Graftable 
(Rank) 

Diameter 
at 5 Cm 
(Rank) 

Length 
of Whip 
(Rank) 

Surpasse Fr6quin 

Dudley 

161.4 

122.8 

1 

1 

11 

105.5 

92.1 

2 

16 

5 

Gros bois de Doudeville 

104,7 

104.8 

3 

5 

18 

Noir de Vitry 

103.7 

104.7 

4 

6 

3 

Coulon 

10.3.5 

119.5 

5 

2 

1 

Pres. Descours- Desacres 

100.8 

98.8 

6 

11 

17 

Virginia Crab 

100.0 

100.0 

7 

9 

7 

Antonovka 

99.8 

111.7 

8 

3 

2 

Transparent de Croncels 

99.8 

93.6 

8 

15 

10 

Linda 

96.8 

91.1 

10 

19 

7 

Bulmer’s Norman 

96.5 

100.0 

11 

9 

17 

Souvenir Du Marais. 

93.9 

102.2 

12 

7 

32 

Red Standard : 

93.2 

95.0 

13 

13 

9 

Kulon Kitaika 

91.9 

106.3 

14 

4 

23 

White Alphington 

76.2 

84.4 

15 

29 

13 

Bellflower Klitaika 

74.8 

100.7 

16 

1 S 

6 

Pippin Shafran 

72.6 

100.0 

17 

9 

4 

Yakhontowoye 

71.8 

86.1 

18 

t 27 

16 

Anis 

66.5 

89.8 

19 

1 21 

22 

Virginischer Rosenapfel 

66.0 

86.7 

20 

26 

11 

Antonovka Shafran 

64.8 

85.2 

21 

28 

21 

Landsberger Renette 

64.2 

83.2 

22 

32 

14 

Doux-amer , 

62.5 

88.3 

23 

23 

24 

Omont (Faux Cailleul) 

61,7 

92.1 

24 

17 

20 

Manitof 

61.2 

89.8 

25 

22 

34 

Tayezhnoie 

56.7 

93.8 

26 

14 

28 

Fertile de Dou6 

55.8 

83.3 

27 

' 31 

33 

Komsomoletz 

54,2 

82.2 

28 

33 

15 

Roter Trierischer Weinapfel 

50.2 

81.2 

29 

34 

27 

Hibernal 

48.0 

92.2 

30 

1 

25 

Severnii Bujbon 

39.4 

90.1 

31 

20 

26 

GrCine Piirstenapfel 

34.3 

88.3 

32 

23 

30 

Long bois 

Reichelsheimer Weinapfel 

32.1 

25.9 

71.9 

84.2 

33 

34 

36 

30 

31 

29 

Harberts Renette : 

36.0 

66.4 

35 

37 

37 

Borsdorf Kitaika 

11.6 

87.1 

36 

25 

36 

Shafran Osenii 

11.0 

72.3 

37 

35 

35 


the same year, is presented in Tables II and III. Statistical constants 
are not presented, but their import may be summarized in the state- 
ment that differences of 5 per cent are not consistently significant, but 
those of 10 per cent are almost invariably significant. Likewise the 
relative rankings indicated in Table IIT are in most cases to be 
regarded as approximate rather than absolute. 

The range in mean diameters of seedlings measured in the autumn 
after the buds had been set, reported in Table II, is small and so 
distributed as to indicate that differences in size of seedling budded 
did not materially aflfect the subsequent growths from the buds. The 
heights of the whips shown in this table, therefore, seem to present a 
reliable comparison of the initial growth possibilities of these varieties 
under the existing conditions. As one-year whips, only three varieties 
were notably taller than Vrginia Crab, and one of these, Antonovka, 
has long been known in this country. On the other hand, a considerable 
number are close enough to Virginia Crab for practical purposes, so 
far as grading of- nursery stock is concerned. Of the other varieties in 
the test which have been more or less used as trunk-formers in Amer- 
ica, to wit: Dudley, Hibernal and Anis, only the first has made high 
standing in length of whip. 

Top-working in the nursery is done usually by grafting on yearling 
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whips. To ensure freedom from the collar rot organism, the minimum 
height at which this may be done has been stated as 30 inches. To 
ensure growth from the scion adequate to formation of a satisfactory 
head in one year, scions of at least 6 millimeters diameter should be 
used. These two considerations led to the establishment, for the pur- 
poses of this study, of a standard of at least 6 millimeters diameter at 
76 centimeters as the criterion determining whether a yearling is 
“graftable”. 

The arrangement of varieties in descending order of percentages of 
graftable trees, as shown in Table III, presents considerable difference 
from the placement according to height. Surpasse Frequin, only 
eleventh in height, produced a high percentage of graftable trees be- 
cause of the unusual thickness of its whip, which is conspicuous in the 
nursery. Dudley, slender at the base of the whip, is tall enough and 
tapers little enough to secure high ranking in this respect. Use of a 
fixed standard (as 6 millimeters) for comparing performances of 
different years introduces certain inaccuracies for which allowance 
should be made. In 1939, for example, when 89.8 per cent of the 
Virginia Crab trees were of graftable size, a variety producing 100 
per cent of graftable trees could exceed Virginia Crab by only 10 per 
cent, since diameters above 6 millimeters count no more in tabulation 
than those of this figure. In a year in which the percentage of graft- 
able Virginia Crab trees is lower, the margin might be greater. Specifi- 
cally, had Coulon or Noir de Vitry been grown in 1940 and Surpasse 
Frequin in 1939, their relative positions in ‘'per cent graftable” might 
have been reversed. This appears to be the only case in which there 
is uncertainty ; manifestly they were all equal to or better than Virginia 
Crab in this respect and obviously the varieties rating below Virginia 
Ci“ab are comparable. 

Caliper close above the bud, one of the standards by which trees are 
graded for sale, does not correspond in all cases with diameter at the 
higher point on the whip. Dudley, for example, outstanding for diame- 
ter at 76 centimeters, is only average in diameter at S centimeters. 
Kulon Kitaika, on the other hand, rather well down the list in percent- 
age graftable, is among the leaders in diameter above the bud. 

The comparisons presented here justify nothing more than selection 
for further trial in cases where topworking in the nursery is the point 
of chief interest. Topworking to secure cold resistance in trunk and 
crotches must be done on older trees, and the varietal relationships 
existing at the end of the first year in the nursery change materially 
in some cases during the second year. 

Some varietal peculiarities deserve mention. Surpasse Frequin is 
unusual for its straight, thick whips ; beyond this little information is 
available concerning this variety, whose use in France as a trunk- 
former seems not to be extensive. Souvenir Du Marais has shown 
tenderness to cold in three of the four winters through which it has 
stood in the nursery at Glenn Dale. Indications of blight resistance are 
available only on the trees grown as whips in 1939 ; these were subject 
to severe attack in 1940, their second year. The attack started in 
blossom infection on the whips of Tayezhnoie, most of which bios- 



BRADFORD : APPLE TRUNK-FORMERS 


357 


somed from lateral buds. Since the Tayezhnoie trees were scattered 
systematically through the block, a thorough “seeding’’ was provided. 
Weather conditions for some time favored blight development, and 
even Virginia Crab, regarded as virtually immune, developed impor- 
tant infections on two trees. Losses were naturally greatest in Tayezh- 
noie, involving 32 per cent of the trees ; this was followed by Doux- 
amer with 25 per cent, Noir de Vitry with 22 per cent and Kulon 
Kitaika with 15 per cent. Hibernal and Antonovka were affected alike 
(12 per cent). Infestation was very light in Griine Fiirstenapfel (4 per 
cent) and in Buhner’s Norman (2 per cent). The only varieties to 
escape entirely were White Alphington and Coulon, but a mature tree 
of the latter variety in the orchard was heavily attacked through its 
blossoms. Closeness to centers of infection seemed not to determine 
its amount ; the White Alphington trees were closer in the rows to the 
Tayezhnoie trees than those of most of the varieties that suffered 
heavily. The remaining varieties in this group developed infections in 
from seven to 10 per cent of the trees. 



Clonal Selection of Grapefruit With Respect to Yield 

By W. H. Friend and S. H. Yarnell, Texas Agricultural 
Experiment Station^ A. and M. College of Texas, 

College Station, Tex. 

T he possibility of increasing the yielding capacity of a clonal variety 
through bud selection holds both practical and theoretical interest. 
The grower wants increased yield. If a more productive strain of an 
asexually propagated variety is discovered, the propagating material 
will have considerably increased value over similar material from 
normal plants of the variety. If the likelihood of such a discovery is 
slight or non-existent, the justification for growers paying a premium 
for ‘‘superior’' strains, while varying with the kind of crop, would at 
best be questionable. In the case of citrus, because of the excellent 
work of Shamel and his associates, there is little or no excuse for the 
propagation of strains of less than normal productive capacity. 

A number of workers have tried to establish differences in yielding 
capacity of strains through bud selection. Results up to the early twen- 
ties have been reviewed by Sax and Gowen (3) who conclude that the 
evidence is against a change of productive capacity through bud muta- 
tion. They suggest that the reduced yield of certain apple and potato 
selections was due to a diseased condition transmitted in propagation. 
Shamel, Pomeroy, and Caryl (4) have since presented evidence to 
show that the yield of the Washington Navel orange can be materially 
reduced through bud selection. Totaling their figures, 60 trees propa- 
gated from IS types of bud mutation known to have lower yields than 
comparable normal trees gave an average total of 735 fruits per tree 
during a period of 8 years. Some 38 trees propagated from normal 
Washington Navel and Thompson strains produced on an average 
1,525 fruits over an equal period of time. All trees were grown under 
comparable conditions. Several mutations, such as Golden Buckeye 
and Golden Nuggett, that produced only slightly less than normal are 
included in this total. While this is strong evidence that yield can be 
reduced through bud mutation, as might be expected on theoretical 
grounds, it throws no light on the possibility of improving the yielding 
capacity of a clonal variety by means of bud selection. 

Variations in yield due to rootstock, soil and other environmental 
conditions prevent the determination of a satisfactory index of pro- 
ductive capacity for a variety valid for all conditions. If a higher yield- 
ing bud mutation occurred and were recognized, it should be possible 
to show a significant difference between yields of trees propagated 
from it and those propagated from normal wood, when grown under 
comparable conditions. 

Material and Methods 

As with other workers our plan has been to propagate trees, secur- 
ing the budwood from orchard trees differing in individual yield rec- 
ords. A difference in yield between clond lines of two selections would 
be taken as indicating a genetic difference with respect to yield for the 
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original trees selected. Lack of a significant difference in the progeny 
would indicate that the trees from which budwood was selected varied 
in yield because of environmental factors. The selections were based 
on a 5-year average in terms of pounds of fruit per tree. Most were 
of Marsh grapefruit trees, although five were selections of Thompson, 
which is a pink fleshed bud variation of Marsh. All were budded on 
sour orange seedlings, commonly used commercially, except two of the 
Thompson selections, which were put on Cleopatra mandarin roots. 
Four of the selections 29—3, 39—9, 4-1 and 4-12 came from a commer- 
cial grove in Arizona and were set in the orchard in 1932. The rest 
were made on Texas Substation No. IS in the Lower Rio Grande 
Valley, where the clonal progeny tests were carried out. The Marsh 
trees were set in 1929, the Thompson in 1931. Budlings from compar- 
able selections were planted in adjacent rows and given the usual care. 
Two of the paired selections of Marsh trees were grown in a single 
block with budlings from trees of known production between and on 
one side of the paired selections. Clonal progeny of a third selection 
w^as grown adjacent to a third pair of selections of Marsh, and a third 
selection of Thompson was grown adjacent to the pair of Thompson 
selections on sour orange roots. The hurricane of September 1933 
severely damaged some of the trees. In the few cases where trees did 
not recover satisfactorily they and the corresponding trees in adjacent 
rows were excluded from the results. 

An analysis of variance based on annual individual tree yields was 
made for all paired progeny and also for the two blocks of three 
selections and for the single block of six selections mentioned above. 
F was determined by dividing the variance for selection by the vari- 
ance for the interaction of years and replications plus the variance for 
the triple interaction of selections, years and replications (the residual 
mean square). Each budling tree of a selection was considered as a 
replicate. The 5 per cent point for the distribution of F was taken from 
a table published by Snedecor (5). Mr. Homer T. Blackhurst assisted 
with the calculations. 


Results and Discussion 

The results are summarized in Table I. Lack of space prevents the 
presentation of .individual tree records for each season. The first nine 
selections are of Marsh trees growing in the station orchard; the next 
four represent Marsh trees in an Arizona grove ; and the last five are 
of Thompson trees on the Lower Valley station, the first three on sour 
orange, the last two on Cleopatra mandarin rootstocks. The column 
heading “n*' refers to the number of budling trees propagated from 
each selection. 

Lack of significance for that part of the variance that may be ascribed 
to the source of budwood is indicated by a value of F below that of 
the S per cent point for all selections except the Thompson selections 
(6-7, 6-8 and 6-9). When all fiiree selections are considered and 
likewise when only 6-7 and 6-8 are compared the value for F lies 
between the 1 and the 5 per cent points. Inspection of Columns two 
and three permits a comparison between the S-year average production 
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station. Arizona budwood of the best selections under test was at one 
time sold to Texas nurseries as a “superior” strain of the variety. 
As far as the relatively small number of selections for high production 
permit, they would seem to be a fair sample of superiority as deter- 
mined by the individual tree record. Several of the selections for low 
production could be said to represent “inferior” strains by the same 
criterion, yet budwood from each type was equally valuable as judged 
by the clonal progeny test. These results would, then, indicate that 
where the nurseryman takes care to avoid the “shade tree” and other 
obviously unproductive and otherwise undesirable types of mutations, 
securing his budwood from what appear to be normal trees, variations 
in productivity as they normally occur in the orchard are unlikely to 
reduce the potential productive capacity of his nursery trees. Further, 
if he limits his budwood source to trees of known high production he 
is not justified in advertising his trees as representing a superior strain 
and charging growers a premium on this basis. 

These results would seem to be in line with the observation fre- 
quently made with genetic material, that a mutation is more apt to be 
harmful than beneficial to an organism. It is reasonable to suppose 
that a biologic character as complex as yield would be unlikely to be 
improved by a gene mutation. Such a supposition is, of course, equally 
applicable to all crop plants. In general this seems to hold true. As an 
apparent exception, both Anderson and Richardson (1) and Miller 
(2) have isolated strains of the sweet potato that have given evidence 
of being more productive than normal for the variety. The sweet 
potato, like citrus, has numerous visible bud mutations. Miller’s pro- 
ductive selection, called Louisiana Unit One, has been grown in com- 
parison with other selections for several seasons by R. E. Wright at 
the Texas Agricultural Experiment Station’s Sweet Potato Labora- 
tory at Gilmer, Texas. Unpublished data secured by Wright discloses 
an improved yield over the common stock not only for Louisiana Unit 
One but also for four additional selections, two of which were not saved 
primarily because of high yield. The relative frequency of the appear- 
ance of these high producing strains together with the high rate of 
bud mutation in this crop suggest the possibility that the relatively 
poor stocks of most growers of sweet potatoes are the result of the 
accumulation of bud mutations that reduce the yield, and that these 
improved strains may represent the original normal productive capaci- 
ty of the variety. Such an explanation, if true, would increase the 
chance of finding high yielding selections of the sweet potato, and 
would support the idea that bud mutations tending to increase the 
yield of a variety are so infrequent as to be negligible in the improve- 
ment of clonal varieties through selection. 

Summary 

A comparison of the budling progeny of seven pairs of selections 
for high and low yield in two related varieties of grapefruit gave 
approximately equal yields for both types of selection. It is concluded 
that (a) the use of budwood from normally vigorous trees of relatively 
low productivity is unlikely to be reflected in the yielding capacity of 
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the resulting trees ; and (b) strains of superior productive capacity are 
not to be expected through the exclusive use of budwood from trees 
known for their high yields. 
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Adventitious Buds in Citrus 

By M. M. El Azouni and S. H. Cameron, Uriiverdty 
of California, Los Angeles, Calif. 

'NVESTIGATORS have on various occasions studied the induction 
. of adventitious buds in plants, and, as a result the ability of some 
lant species to regenerate this type of organ has long been recognized, 
'he subject, however, has been recently linked with the hormone 
leory and its control of growth and cell division which is frequently 
iscussed in horticultural and botanical literature. 

The study reported in this paper was conducted in the spring of 
940 in an effort to determine the ability of some of the common citrus 
pecies to regenerate adventitious buds ; a question of some interest to 
le horticulturist, although at the moment of no commercial value. 

Survey of Literature 

No comprehensive review of literature will be attempted in con- 
ection with this report. Only a few of the recent papers dealing with 
dventitious buds will be mentioned. Simon (10) working with cut- 
hgs of Populus nigra found that numerous adventitious buds formed 
rom the apical callus. Greenleaf (3) reported bud regeneration in 
isbudded plants of Nicotiana with the help of low concentration of 
idoleacetic acid applied to the cut surface. Jorgensen (6) found that 
ecapitated plants of Solanum nigrum regenerated adventitious shoots 
fter the axillary buds had been removed. Povolochko (9) reported 
imilar results with ‘^Nicotiana” adding that the number of adven- 
itious buds increased when orchid pollen was applied to the cut sur- 
ace. Hachaturov (4) states that bud regeneration of disbudded Nico- 
iana occurred best between the first and the fifth leaf. Bouillenne (1) 
nd others believe that indoleacetic acid does not inhibit adventitious 
Hid formation. Link and Eggers (7) found that adventitious shoots 
ould arise from the hypocotyls of flax seedlings, decapitated below 
he cotyledon leaves. Zimmerman and Hitchcock (11) reported that 
Uthea cuttings produced numerous adventitious shoots along the dis- 
>udded stem from both the callus and bark, while the cuttings of 
r^opulus and Elaeagnus produced adventitious buds only at the apical 
:ut surface and the scars where buds were removed. Mendel (8) 
eported the formation of adventitious buds on the hypocotyl of a 
[ecapitated seedling of Annona muricata considering this the first 
nstance of its kind yet reported for a woody plant. Chandler (2) p. 
J53, states that, '‘with most kinds, shoots may grow from adventitious 
)uds in the roots ; but with nearly all, if not all, of our deciduous fruit 
rees, shoots seldom, if ever, grow from adventitious buds in tissues 
tbove ground”. No reference to adventitious buds in citrus has been 
ound in the literature. However, Halma (5) in 1918 observed the 
levelopment of adventitious buds from intact bark and apical callus of 
iisbudded citron cuttings placed in a moist chamber, Fig. 1. 

Materials and Methods 

The principal material used in the experiments consisted of 3-year- 
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old nursery seedlings, of sour orange, sweet orange, lemon, and rough 
lemon, which were disbudded either by removing the buds with a 
knife or burning them with an electrical wood burner. Twelve seedlings 
of each were treated, except the lemon of which only one seedling was 
available. In addition an effort was made to determine the effect of 
varying the amount of bark removed with the bud, the method of 
removal, the number of buds left on the seedling, and the use of a 
“tree seal” material to cover the wound surface. Most of the seedlings 
selected contained only one main stem. Laterals were removed to limit 
the number of buds to a reasonable number. The terminal portions of 
these seedlings were removed because of the difficulty of disbudding 
this part effectively without girdling the stem. Instead of disbudding 
the basal portion of the stem all the buds that sprouted in this region 
were systematically rubbed off by hand as soon as they appeared. Some 



Fig. 1. Adventitious shoots on a citron cutting which was partially disbudded 
and placed in a horizontal position in a moist chamber. Photograph by 
Halma, 1919. 

Fig. 2. Adventitious buds from intemodal scars in sour orange seedlings. 

(A) Intemodal scars (scars made in the bark without any relation to the 
original buds) ; (B) original buds scars, 1 and 2 adventitious buds growing 
from intemodal scars. 

Fig. 3 . Adventitious buds in sour oranges. (A) Developing adventitious bud ; 

(B) adventitious shoots, 
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of the sour orange seedlings were wounded in the internodes between 
the buds as indicated in Fig. 2. 

To determine the capacity of young seedlings to produce adven- 
titious buds when treated with hormone (3 indoleacetic acid), 25 sweet 
orange seeds were planted in each of 20 6-inch flower pots and kept 
under glass house conditions. 

When the seedlings were 4 weeks old they were selected for treat- 
ment on the basis of vigor and uniformity, accordingly the number of 
treated plants in each pot varied. The average height of the selected 
plants was about 2.5 inches. The treatment consisted of decapitating 
the plant about 1 inch below the oldest leaf, thus removing all buds 
normally differentiated and leaving only a bare piece of the stem to 
represent each seedling. Different materials were applied to the cut 
surface as indicated in Table I. 

Results and Discussion 

For the sake of clarity the results of these investigations will be 
discussed under separate headings. 

Adventitious Buds on 3 -Year-Old Seedlings : — In general, complete 
disbudding of the seedlings resulted in the production of numerous 
adventitious buds in the three major varieties of citrus investigated. 
Within a period of 5 to 6 weeks from the time of treatment, the dis- 
budded seedlings in which the wound surface was covered with a “tree 
seal” material of asphaltic base, started to develop adventitious buds 
from the callus tissue which by that time almost covered the whole 
wound surface. More than 60 per cent of the scars initiated adven- 
titious buds and in most of them more than six shoots originated from 
a single scar. In seedlings in which the wounds were left uncovered, 
the surface dried, and callusing was rather slow. Adventitious buds, 
however, regenerated from the callus tissue, developing on the edges 
of the bark wounds approximately 2 months after disbudding. Further- 
more uncovered scars produced fewer adventitious buds and not more 
than three shoots came from any single scar, presumably because the 
adventitious shoots that did develop grew very fast resulting in the 
formation of leaves, lateral branches and buds which in turn may have 
inhibited the regeneration of adventitious buds on the other scars. 
This explanation seems to be substantiated by the fact that in the 
partially disbudded seedlings both the asphaltum painted and exposed 
scars regenerated few, or no adventitious buds, while the original buds 


TABLE I— Adventitious Buds Produced by Decapitated 
Sweet Orange Seedlings 


Number 

Pots 

Number 

Seedlings 

Tested 

Treatment 

Seedlings Regenerating 
Adventitious Buds 

Number 

Percentage 

4 

63 

0.1 per cent aux 

31 

58.5 

4 

61 

0.5 per cent aux 

31 

60.8 

4.... 

67 

Control no treat- 





ment 

32 

56.1 

4 

61 

Tree seal 

46 

90.2 


27 

Pure lanolin 

15 

55.6 
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left, grew quickly to vigorous shoots. Removal of such shoots and the 
rubbing off of all normal buds which subsequently started, in some 
instances induced the growth of adventitious buds from the scar tissue. 
Removal of the buds with an electric wood burner proved to be an 
easier method, but callusing and bud generation was slow, and there 
was no pronounced difference between scars covered with ‘“'tree seal'’ 
and exposed ones. The delay in callusing apparently was due to the 
complete killing of the cambium in the treated area and the injury to 
the adjacent cambium tissue. In the case of knife disbudding the paint 
protected exposed parts of the cambium which remained attached to 
the wound surface and thus permitted more rapid callusing and bud 
regeneration. 

In the series of seedlings where the buds were removed with a small 
piece of bark (Fig. 4) and as a result most of the leaves were left 
attached, callusing and bud regeneration were more rapid than where 
the wounds were large and the leaves were absent. 

That adventitious buds may develop in the callus produced at inter- 
nodal scars is indicated by Fig. 2. On no occasion, however, were buds 
seen to regenerate from the apical cut end or from intact bark, al- 
though Halma (4) did observe regeneration in both positions in a 
humid atmosphere. 

We are not able to make any definite statement regarding the 

capacity of the different 



Fig. 4. Adventitious buds in rough lemon. 
(A) Uncovered scar showing one of the 
methods of disbudding in which the buds 
were removed with a small piece of the 
bark and the leaves left attached. 


varieties tested to regen- 
erate buds because of the 
difficulty of obtaining 
comparable material. 
Sour orange seedlings, 
however, seemed to be 
more capable of produc- 
ing adventitious buds 
than either sweet orange 
or rough lemon. Sweet 
orange produced fewer 
adventitious buds than 
any of the others; this 
however, may have been 
due to the fact that they 
were the least vigorous. 
The only lemon seedling 
investigated produced 
numerous adventitious 
buds and seemed to be 
equal in capacity to the 
sour orange. 

Adventitious Buds in 
Decapitated Young Seed- 
lings : — ^The results pre- 
sented in Table I indicate 
that decapitated young 
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Fig. S. Adventitious shoots produced by decapitated sweet orange seedlings. 
(A) Tree seal; (B) O.S per cent indoleacetic acid; (C) 0.1 per cent 
indoleacetic acid; (D) pure lanolin, and (E) control. 


sweet orange seedlings are capable of producing adventitious buds 
from the callus tissue at the apical end, usually from 2 to 4, Fig. S. 
Root inducing indoleacetic acid did not increase the number of adven- 
titious buds, in fact the higher concentration of auxin (0.5 per cent) 
reduced it. Asphaltum 'Tree seal’' material markedly increased the 
percentage of seedlings which regenerated shoots. It also reduced the 
average time required for regeneration by about 1 week. 

Conclusions 

Disbudded citrus seedlings possess the capacity of regenerating 
adventitious buds from the callus tissue that covers the wound surface. 
"Tree seal” asphaltum paint seems to stimulate the regeneration of 
both callus tissue and adventitious buds. Indoleacetic acid did not 
stimulate the development of adventitious buds. In this investigation 
adventitious buds developed only from scar tissues. Sour orange and 
lemon seedlings appear to possess the highest capacity for regenera- 
tion amongst the varieties investigated. 
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Relation of Time of Pruning to Performance of Grapes 

By C. A. Magoon and I. W. Dix, U. S. Horticultural Station, 
Beltsville, Md. 

P ERENNIAL interest is manifested by growers of grapes in the 
matter of the best time to prune the vines and particularly in the 
effect on the vine of severe bleeding which follows late pruning in the 
spring. General recommendations have been to delay the pruning, if 
feasible, until after danger of heavy freezing is past, in order to avoid 
winter killing of the pruned canes, and to complete the pruning early 
enough in the season to prevent heavy bleeding of the vines, which, 
it has been thought, might have a detrimental effect. In order to secure 
more definite information a pruning experiment was initiated in the 
fall of 1934 at the United States Horticultural Station, Beltsville, 
Maryland, in a vineyard unit devoted to a study of the performance 
of Concord, Ontario, and Delaware varieties when grown under dif- 
ferent vineyard practices. This report records the findings of this 
experiment. 

Vines and Methods 

One hundred and twenty vines of each of the three above-named 
varieties, growing on their own roots, entered into the experiment. 
These made up every second row of a lj4-acre vineyard plot, totaling 
10 test rows with a guard row on either side. These vines were spaced 
^at 8 feet in the row and the rows were 10 feet apart. Single guard 
vines at either end of the rows did not enter into the experiment. The 
arrangement within each row was as follows: six vines of Concord, 
followed by six of Ontario, and these in turn by six of Delaware, and 
then these groups followed by a second set of six vines of each varie- 
ty arranged in the same order. 

The vineyard unit occupies a hill slope having a northwestern ex- 
posure with a maximum difference in elevation of about 25 feet. The 
rows run in a north-south direction. 

Prior to the fall of 1936 the vineyard received general cultivation 
with a yearly application of nitrate of soda at the rate of 300 pounds 
per acre, and a summer cover crop of cowpeas was grown between 
the rows. Beginning in the fall of 1936 cornstalk mulch was applied 
to alternate rows of the vines being considered here and this was re- 
newed each fall thereafter. The other rows were given clean cultiva- 
tion. In the spring of 1937 nitrate of soda at the rate of 1 pound per 
vine and a S-8-S complete fertilizer at the rate of 54 pound per vine 
were applied iij alternate bands running at right angles to the rows, 
in such a way that one-half of the vines in each varietal group received 
the nitrate and the other half the complete fertilizer. This treatment 
was repeated each spring subsequently. 

The vines were trained according to the 4-cane Kniffin system and 
a uniform system of pruning was followed throughout, one bud being 
left on the pruned canes for each ounce of wood removed, the weight 
considered being an average of the previous and the current seasons' 
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removals. The pruning was done by the same workers throughout the 
duration of the experiment and every endeavor made to make the 
results of the work as trustworthy as possible. 

The pruning was begun on the first of November of each year, or 
as close to that date as possible, and repeated at monthly intervals up 
to and including the first of April. On the first of November the first 
vine of each set of six of the three varieties was pruned, on December 
1 the second vine, and so on until on April 1 the last vine of each set 
w^as pruned. The individual vines were thus pruned on the same dates 
for each year of the test period, and vines pruned at each date were 
distributed throughout the vineyard block. 

At the time of tlie November pruning the leaves had but recently 
dropped from the vines, and heavy bleeding invariably followed the 
April pruning. 

Experimental Findings 


The performance of the vines of the three varieties in the production 
of fruit and of wood is shown in Table I, and since the total dry mat- 
ter, from fruit and wood combined, would seem to be a more accurate 
index of the vitality of the vines, figures for this are also included.^ 


TABLE I — Showing Performance of Vines of Concord, Ontario, and 
Delaware Varieties when Pruned on Different Dates. (Individ- 
ual Values Represent the 5- Year Average Production 
FOR Each Monthly Test Group — ^20 Vines Unless 
Otherwise Indicated) 


Weight 


Nov 

Dec 

Jan 

Feb 

Mar 

(Ozs) 

(Ozs) 

(Ozs) 

(Ozs) : 

(Ozs) 


Fruit 
Fresh . 
Dry. . . 
W"ood 
Fresh. 
Dry. . . 
Total 
Dry. . . 


Fruit 
Fresh - 
Dry. . . 
Wood 
Fresh . 
Dry. . . 
Total 
Dry... 


Concord 



782 

865 

830 

801 

825 


328 

359 

349 

336 

347 


296 

189 

229 

211 

213 


161 

103 ! 

125 

115 

116 


480 i 

462 i 

474 

451 

463 


Ontario 



494* 

534* 

505 

563 

569 


207* 

224* 

212 

236 

235 


117* 

112* 

103 

108 

107 


64* 

61* 

56 

59 

58 


271* 

285* 

268 

295 

293 


905 

380 

223 

122 

502 


542* 

228* 

90* 

49* 

277* 


Delaware 


Fresh 

516* 

460** 

464* 

433* 

461* 

610* 

Dry 

Wood 

Fresh 

217* 

193** 

195* 

182* 

194* 

214* 

183* 

134** 

162* 

154* 

153* 

162* 

Dry 

Total 

100* 

73** 

88* 

84* 

84* 

88* 

Dry 

317* 

266** 

283* 

266* 

278* 

302* 


*19 vines. 
**18 vines. 


iThe dry weight in the case of fruit was taken as 42 per cent of the fresh, 
this value being derived from the published tables' of Atwater and Bryant (1). 
In the case of wood, 54.6 per cent of the fresh weight was used, this figure hav- 
ing been determined by the writers in the course of the present investigations. 
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The individual values represent in ounces the 5 -year averages for the 
20 vines (in some instances 19 vines and in one case 18) in each 
group pruned on the different dates. 

It is to be noted that in no case did evident injury to the vines occur 
as the result of either early or late pruning. With the Concord and 
the Delaware varieties the total production figures were actually a 
little higher for the November and the April pruned vines than those 
for the other months, but these differences were not significant. In the 
case of Ontario the November and April figures were actually a little 
below those for some of the other months, but here also the differences 
were not significant. 

Since a number of factors affected the performance of the vines, the 
relative importance of which was not known, such as: different cul- 
tural and fertilizer treatments, variations in vineyard elevation, soil 
heterogeneity, and so on, in addition to the differences in time of prun- 
ing, it was thought desirable to make an analysis of the variance to 
see whether the conclusions as to the negative significance of the prun- 
ing dates based on a visual inspection of the summarized data were 
sound. The results of this analysis are presented in Table II, 

It is to be noted that in the case of the Ontario variety three vines 
died during the course of the experiment, and seven in the case of 
Delaware ; hence figures for these were not available. To make possible 
the analysis of variance for these tw^o varieties, therefore, it was neces- 
sary to substitute production figures for the missing vines. The figure 
used in each case was the mean production of the individual vines of 
each variety, and the slight error introduced thereby was compensated 
for by a corresponding reduction in the degrees of freedom. The cal- 
culations were based on the dry weight figures for fruit and wood 
combined. 

From Table II it is seen that while some of the factors mentioned 
played significant roles in determining variations in vine performance, 
the variance due to the different pruning dates in all three varieties 
was the least of all in magnitude, and neither in itself nor in its inter- 
action with other factors showed significant values. 


TABLE II— Source and Significance of Variance in Grape Pruning 

Experiment 


Source of Variance 

Concord j 

Ontario 

Delaware 

De- 

grees 

of 

Free- 

dom 

Mean 

Vari- 

ance 

Value 

De- 

grees 

of 

Free- 

dom 

Mean 

Vari- 

ance 

‘•p- 

Value 

De- 

grees 

of 

Free- 

dom 

I Mean 
Vari- 
ance 

Value 

Cultural treatments 

3 

14,261 

1.312 

3 

17,500 

2.683 

3 

35,610 


Pruning dates 

5 

7,085 

.651 

5 

2,455 

.376 

5 

. 5.818 

-673 

Replicates 

4 

390,822 

35.957** 

4 

239,248 

36.678** 

4 

127,842 

12,590** 

Interactions: 










Cultural treatments 










Xpruning dates 

15 

7,401 

.681 

15 

8,406 

1.289 

15 

17,536 

1.727 

Cultural treatments 










Xreplicates 

12 

30,150 

2.774 

12 

18,485 1 

2.834* 

12 

49,699 

4.896* 

Pruning dates 










Xreplicates 

20 

11,113 

1.022 

20 

8.990 1 

1,378 

20 

8,786 

.865 

Remainder 

60 

10,869 


57 



63 

10,154 



♦Significant to the 6 per cent point, 
♦♦Highly significant. 
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Discussion 

Shedd (3), in his studies on the mineral composition of the sap of 
a wild grape vine, noted that weakening resulted from the periodic 
loss of sap from a branch over a period of 4 years, but one would 
hardly be justified in concluding from this that the loss of sap from 
a completely pruned vine would necessarily result in a weakening of 
the entire plant. Repeated temporary checking of growth in one 
branch, which heavy bleeding might cause, might very well result in 
the remaining unbled branches assuming leadership over the affected 
branch. In the same paper it was reported that the mineral content 
of the sap at the beginning of the sap flow was less than at the end. 
From this it would appear that the loss of sap from vines not yet 
showing spring growth is a less serious matter than might be the case 
where seasonal growth had been initiated. Loomis (2), in a study of 
the effect of late pruning, noted that a delay in foliation followed heavy 
bleeding, but that the vines promptly made up for the delay and at 
the end of the season showed no reduction either of fruit or wood pro- 
duction over vines pruned during the fully dormant season. In the 
present pruning experiment no delay in foliation or other visible un- 
favorable effects were found as a result of late pruning. It is to be 
noted that vines showing heavy bleeding, in the present experiment, 
had not passed beyond the initial swelling of the buds. Pruning after 
growth was w'ell under way might have given entirely different 
results. 

Field observations made in sections of the country where very low 
winter temperatures are encountered have indicated that winterkilling 
of pruned canes may result from early pruning if followed by a heavy 
freeze, and in those sections it would be advisable to wait until danger 
of heavy freezing is past before beginning the pruning work. At this 
Station winter temperatures rarely go below -10 degrees F and it is 
believed that in sections of the country having winters no more severe 
than this the pruning may be begun safely as soon as the leaves have 
fallen in the fall. 

Conclusions 

The results of the present experiment on the pruning of Concord, 
Ontario, and Delaware grape vines at monthly intervals from the first 
of November to the first of April seem to warrant the conclusion that 
at least at this and the more southern latitudes pruning may be done 
without injury to the vines at any time after the leaves have fallen in 
the fall up to the time the buds begin to swell in the spring, and that 
even in the more northern sections of the country heavy bleeding of 
the vines should cause no anxiety. 
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Time Limits of the Grape Bud-Graft Method 

By Elmer Snyder and R N. Harmon, [/. S, Department 
of Agriculture, Fresno, Calif. 

E xperiments were started in 1939 to determine the time limits 
within which the grape bud-graft method (1) could be successfully 
practiced — a question frequently asked by grape propagators. The tests 
were conducted at the United States Horticultural Field Station, 
Fresno, California, where the climatic conditions as indicated in Table 
I are characterized by dry hot summers and mild winters with most 
of the rainfall occurring during the winter months. Surface irrigation 
was used during the summer months to augment the seasonal rainfall. 

The stock vines used in these tests comprised a planting of 520 
1-year-old Solonis x Othello, No. 1613 rootings which were planted 
in March 1939. The stock rootings were planted in rows 8 feet apart 
and 2 feet apart in the rows. The grape bud-grafts were made on these 
rootstocks in approximately equal portions on the first and fifteenth 
of each month, starting with July 1, 1939 and ending with July 1, 
1940 inclusive. The Sultanina was used as the scion variety. 

From July 1, 1939 to January 1, 1940 inclusive, the scion buds were 
obtained directly from the parent vines at the time of bud-grafting. 
From January 15, 1940 to July 1, 1940 inclusive, the buds were ob- 
tained from cuttings made from mature canes which were held dormant 
in a sand bed or, in the case of the later bud-grafts, were kept dormant 
by refrigeration. The buds used July 1, 1939 were in the white bark 


TABLE I — Summary of Results From Bud-Grafting Grapes at 
Different Seasons of the Year 


Date of Bud-Grafting 


Mean 

Temperature 
For Month 
(Degree F) 

Total 
Rainfall 
For Month 
(Inches) 

Buds 
Growing 
(Per Cent) 

Average 

Weight 

Growth 

Per Vine, 
October 
1940 
(Grams) 

Average 

Mature 

Wood 

Per Vine, 
October 
1940 

(Per Cent) 

82.0 

.00 

60 

490.3 

67 

— 


100 

488.8 

68 

81.3 

.00 

79 

462.5 

67 




95 

380.1 

72 

73.0 

.38 

85 

336.4 

77 

— 



95 

287.6 

80 

62.5 

1.80 

90 

165.5 

76 

— 

— 

95 

439.7 

78 

62.3 

— ! — 

70 

391.6 

79 

— 

— 

85 

225.1 

79 

47.8 

.20 

84 

215.8 

81 


— 

90 

256.1 

85 

45.8 

6.47 

76 

199.6 

S3 




75 

480.7 

75 

61.5 

4.24 

96 

501.4 

76 

-1 1 


90 

569.8 

72 

57.7 

.93 

85 

399.5 

81 



85 

380.4 

78 

62.8 

.24 

90 

214.6 

S3 

— — 


95 

152.0 

83 

71.3 

.00 

95 

170.9 

80 



- — 

86 

26,6 

55 


.03 

95 

38.8 

60 





33.3 

39 

1 82.3 

.00 

72 

33.9 

8 


1939 

July 1 

July 15 

August 1 . . . . 
August 15. . . 
September 1 . 
September 15 
October 1 . . . , 
October 15. . 
November 1 , , 
November 15 
December 1. 
December 15. 

1940 

January 1 . . . 
January 15. . 
February 1 . . 
February 16. 
March 1 . . . . 
March 15. . . 

April 1 

April 15 

May 1 

May 16 

June 1 

June 15 

Julyl 
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stage, having passed the real green stage hxxt still showing no mature 
brown coloring. The bud chips used on July 15 were taken from canes, 
green at the nodes l)iit showing a brown coloring of the bark. Bud 
chips used x^ugust 1 were from canes slightly green at the nodes, but 
with brown coloring predominating otherwise. The bud chips used on 
xA.ugust 1 5 and on the later budding dates were brown and apparently 
mature. 

In the case of vines budded from July 1, 1939 to March IS, 1940, 
the stock portion above the bud-graft was removed on March 20, 1940. 
In the case of all vines budded after March 15, the bud were inserted 
in the stocks on the given dates and 1 week later the stock portion 
above the bud-graft was removed. At the time the stock portion above 
the bud-graft was removed, the bud-graft union was covered with sand. 

Table I gives a summary of the seasonal data obtained. The per- 
centage of buds growing was high for nearly all periods. Although the 
table shows slightly lower percentages for some of the colder periods, 
buds inserted on December IS gave a 90 per cent stand. In general, 
however, the period from November 1 to January 15 was not quite as 
satisfactory in percentage of stand as the preceding or following 
periods. In order to picture the average growth weights in linear 
terms, vines were weighed and measured. It was found that 1 gram 
of green growth was equivalent to approximately 2j4 inches linear 
cane, while 1 gram of mature wood was equivalent to about ^ inch. 
Thus a bud producing 200 grams, 80 per cent mature wood, would 
approximate 10 feet of mature wood and 8 feet of green growth. On 
this basis, the average growth per vine was adequate in all except the 
very late spring periods. The growth produced by buds inserted be- 
tween November 15 aiid January 1 averaged lighter than buds inserted 
before or after these periods. This is believed to be due, however, to 
less favorable soil conditions where the rootings budded on these dates 
were growing. The growth weights produced during these periods, 
however, were satisfactory for commercial practice. The percentage of 
mature w’'Ood produced was sufficient in all lots except those budded 
late, or from May 15 to July 1. The growth from buds set at these 
later periods did not mature sufficiently to recommend these periods 
for commercial practice. 

Within the limits of these tests, bud-grafting for experimental pur- 
poses may be practiced at any season of the year and a satisfactory 
stand of growing buds may be obtained. The shorter growing season 
available for buds inserted during the periods from May 15 to July 1 
which resulted in weak and immature growth would eliminate these 
periods from commercial practice. 
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An Instance of Boron Deficiency in the Grape 
Under Field Conditions 

By L. E. Scott, Sandhill Experiment Station, Columbia, S. C. 

I N JUNE 1939 an abnormal foliage development was noticed on cer- 
tain vines of the experimental vineyard at the Sandhill Experiment 
Station near Columbia, South Carolina.^ The nature of the symptoms 
suggested that the trouble might possibly be attributed to a deficiency 
of boron. Treatment of a few vines with borax in 1939 and a more 
extensive test with borax treatments in 1940, when the symptoms 
developed in a much more aggravated form, corrected the abnormal 
condition. 

In an examination of the recent excellent bibliographies (1, 4) on 
boron as a plant nutrient only two citations were found concerning 
the deficiency of boron in the growth of grapes and these were confined 
to symptoms developed in water cultures (2, 3). Evidently boron 
deficiency has not developed or has not been diagnosed as such under 
vineyard conditions. 

The Vineyard 

The vineyard soil, typical of the Sandhill region of the Carolinas, is 
classed as a deep phase of Norfolk sand, very deficient in organic 
matter as well as in many of the plant food elements. Responses to 
applications of calcium, magnesium, and other so-called minor plant 
food elements have been obtained on certain crops grown in this soil. 
However, in the experimental vineyard fairly satisfactory vine growth 
and production have been secured. The vineyard has received annual 
applications of a “complete” fertilizer at the rate of 600 to 800 pounds 
per acre. In addition, 1,500 pounds per acre of dolomitic limestone 
was applied in 1932, and 1,000 pounds per acre of basic slag in 1938. 
The pH of the soil was about 5.8 in 1939. The vines ranged in age 
from 5 to 9 years. 

1939 Results 

The foliage symptoms noted in June 1939, consisted of a well devel- 
oped pattern, with areas toward the leaf margin and between the leaf 
veins becoming chlorotic. These chlorotic areas remained intact even 
in severe cases with little or no breaking down of tissue or burning of 
the leaf margins. The surface of affected leaves was abnormally rough- 
ened with raised areas between the veins. This resulted in a cupping 
of the leaf toward the under side, which was very noticeable in certain 
varieties. Premature defoliation did not occur. In some of the more 
severely affected vines, especially in the variety Ontario, there was 
observed a very decided tendency toward unusual development of 
lateral buds on the current season’s shoots. 

On June 22, 1939, two or three vines of each of 10 varieties which 
showed these abnormal characters were treated with commercial borax 

^The experimental vineyard at the Sandhill Experiment Station near Columbia, 
is in connection with a cooperative grape project between the South Carolina 
Experiment Station and the Bureau of Plant Industry. 
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at the rate of 10 pounds per acre. This was applied to the soil on either 
side of the vine. The varieties treated were Delaware, Lenoir, Herbert, 
Herbemont, Barnes, Extra, Portland, Ontario, Concord, and Catawba. 
Examination of the new growth produced on these treated vines in 
July and August showed no evidence of abnormality, although the 
older leaves which were affected before the treatment remained chlo- 
rotic. However, the late growth on untreated vines also showed little 
evidence of abnormal symptoms. 

1940 Results 

The spring of 1940 was unusually late. In the early part of May it 
was noticed that the shoots on a number of varieties were developing 
very abnormally, wdth pronounced dwarfing of growth, a tendency to- 
ward the development of several shoots from a single node, and the 
initiation of lateral bud growth on these short, stunted shoots. The 
internodes were very short and the leaves small. Flower clusters devel- 
oped very conspicuously on these shoots, but were twisted, malformed, 
abortive, and failed to set fruit. Other vines showed less extreme symp- 
toms, similar to those observed in the previous year. Upon examination 
of the vines treated with borax in 1939 it was found that none of those 
vines were affected but had developed normally in every respect. 

The differences in the 1940 yields between the vines treated with 
boron in 1939 and untreated vines were very striking. These yields are 
given in Table I. In many instances untreated vine$ failed completely 
to set fruit while in others the bunches were ragged with many un- 
developed berries. The vines treated in 1939 were, in each variety, 
those showing the most severe symptoms at the time of treatment. 

TABLE I — ^Effect of Boron Treatment in 1939 on 1940 Yields of Grapes 


Yield in Pounds Per Vine (Two to Five Vines Each) 


Variety 

Treated Vines 

Untreated Vines 


15.0 

1.4 

Delaware 

2.8 

0 

Extra 

9.4 

5.2 

Lenoir 

41.8 

2.5 

Concord 

6.0 

1.3 


On May 22, 1940, half of the vines of each variety in the vineyard 
were treated with borax. On July 8, the new growth on these treated 
vines was developing normally while on many of the untreated vines 
the abnormal symptoms continued. Again, as in 1939, it was noted that 
the later growth, even on the untreated vines, was not as badly affected 
as the early season growth. 

Varietal Differences 

Great differences in varietal response to the deficiency existed. A 
list of the varieties arranged according to the severity of the symptoms 
noted is given in Table II. In general, the weaker varieties such as 
Delaware, Ontario and President were more severely affected than the 
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TABLE II— Relative Susceptibility of Certain Grape Varieties to 
Boron Deficiency as Indicated by Symptoms Developing in 1939 - 
1940 in the Sandhill Experiment Station Vineyard 


Severely Affected* 

Moderately Affectedt 

Apparently Not AffectedJ 

Ontario 

Captivator 

Hanover 

Ives 

Barry 

Golden Muscat 

Geneva 

Dutchess 

Champion 

Gaertner 

Worden 

Cloeta 

Empire State 

Diamond 

Predonia 

Seneca 

Elvira 

R. W. Munson 

Wyoming 

Champagne 

Isabella 

Hartford 

Lutie, 

Edna 

Sheridan 

Minnie 

Portland 

Triumph 

Lucille 

Amalaga 

Carman 

Extra 

Bailey 

Headlight 

President 

Also varieties grafted on 

Hcrbemont 

Herbert 

vigorous rootstocks 

Delaware 

Concord 

Catawba 

Niagara 

Caco 

Lenoir 

Last Rose 


♦Early season dwarfing of growth and lateral bud development. No fruit produced. 
fChlorotic pattern in foliage but no stunting in early season. Fruit production more or less 
affected. 

tNo foliage symptoms, possibly fruit production affected. 


rank varieties, such as R. W. Munson, Bailey, and Champion which 
showed little or no evidence of the deficiency. However, the very vigor- 
ous varieties Barnes and Lenoir both showed very clear foliage symp- 
toms although no early season dwarfing. It should also be noted that 
Lenoir exhibited a striking yield difference between treated and un- 
treated vines even though the affected vines were quite vigorous. It is 
probable that the lack of vigor and the progressive decrease in pro- 
ductivity of certain varieties during the past few years have been due 
in part to this boron deficiency. 

It was also observed that otherwise susceptible varieties when 
grafted on vigorous rootstocks did not show any symptoms of boron 
deficiency. Especially noticeable was the performance of Ontario and 
Lomanto in this respect. On their own roots those varieties were 
extremely affected but when grafted on Dog Ridge, Rupestris St. 
George and other stocks the vines developed perfectly normally. 


TABLE III — Boron Content of Mature Leaves of Treated and 
Untreated Grape Vines, August 1940 (by 
Spectro-chemical Determination) 


Variety 

Treatment 

Condition of Vine at Time of Sampling 

Boron (PPM) 

Catawba 

Boron — ^June, 1939 

No symptoms; heavy crop 

18 

Catawba 

No boron 

Distmct foliage symptoms; no crop 

ft 

Delaware 

Boron — ^June, 1939 

Fair crop; no symptoms of deficiency 

23 

Delaware 

No boron 

No crop; severe foliage symptoms 

6 

I/enoir 

Boron — ^June, 1939 

Heavy crop; vigorous vine growth 

No crop, vine growth vigorous; shows leaf 
symptoms 

19 

Lenoir 

No boron 

6 

Ontario 

Boron — May, 1940 

No crop, sjrmptoms severe in early season; 
“dwarfed’*; no symptoms on new growth 
at time of sampling 

54 

Ontario 

No boron 

No crop, extreme symptoms in early season, 
then grew out of it; new growth showed 
symptoms at time of sampling 

24 
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Spectro-chemical Analysis 

The boron content of leaf samples from treated and untreated vines 
of several varieties was determined by spectro-chemical analysis^ 
(Table III). These analyses are strikingly in accord with the observed 
deficiency symptoms. It is interesting that Ontario, which seems to be 
very susceptible to tlie deficiency, showed a much higher boron level 
in both treated and untreated yines than the other varieties. 

Summary 

Application of boron in the form of borax corrected an abnormal 
foliage development and unfruitfulness in a^ineyard on Norfolk sand. 
The foliage symptoms varied with variety and the severity of the 
deficiency. In less severe forms, the deficiency caused the development 
of chlorotic areas near the margin and between the leaf -veins. In 
younger leaves this chlorosis was diffused, giving the entire leaf a 
lighter or more yellow^ color than normal. In mature leaves the chlo- 
rotic areas were clearly defined. The surface on the leaf was roughened 
and there was commonly a cupping toward the under surface. 

In severe forms of the deficiency shoot growth in early spring was 
extremely dwarfed, with a pronounced tendency toward multiple 
development of shoots from a single node causing a ^Vitch's broom^* 
appearance. Lateral buds on the stunted shoots were forced into 
growth. Internodes were very short and leaves were only a fraction 
of their normal size. Flower clusters that developed appeared very 
prominent but were twisted, malformed, and abortive, failing to set 
fruit. From observation of the performance of certain varieties such 
as Lenoir it is likely that boron deficiency may cause unfruitfulness, 
even when there is little evidence of effect on vine vigor or of foliage 
symptoms of deficiency. Severely affected vines make little growth 
throughout the season. However, vines less severely affected may out- 
grow the early season symptoms and appear normal later in the year. 

Literature Cited 

1. Jameson, Dorothy H., and Schmidt, Catherine M. Boron as a plant 

nutrient. Bibliography Jan. 1936-Sept. 1940. Amer. Pot. Inst Pub. 

2. Maier, W. Boron deficiency phenomena in grape seedlings in water culture 

tests. 11 No. 1: 1-16. 1937. 

3. Rudloff, C, F., Herbst, W., and Schneiders, E. The Experimental and 

Research Institution for Wine, Fruit and Garden Culture at Geisenheim 

on the Rhine. Ann. Rep. 1936. Landw. Jahrb. 84 : 843-878, 1937. 

4. Willis, L. G, Bibliography of references to the literature on the minor 

elements and their relation to plant and animal nutrition. 3rd ed. Chilean 

Nitrate Edtic. Bur. Pub. 1939. 

“The writer is indebted to B. C. Brunstetter and A, T. Myers for the spectro- 
chemical analyses. 



Maturity Studies with California Grapes I. The 
Balling-Acid Ratio of Wine Grapes 

By M. A. Amerine and A. J. Winkler, University 
of California, Davis, Calif, 

I N a previous report of the Division of Viticulture (10) the impor- 
tance and use of the Balling-acid^ ratio as a measure of the maturity 
and eating quality of California table grapes has been demonstrated. 
Mathieu (5) has also demonstrated the utility of such a ratio in table 
grape maturity studies in France. Similar data are here presented on 
the importance and utility of this ratio in studies with wine grape 
varieties of Vitis vinifera. These studies, which are one phase of a 
project concerning the utility of the various varieties of grapes, have 
been mainly directed towards the elucidation of the maturity factors 
influencing the quality of table wines (8) . Results are also presented 
concerning the requirements of wine grapes for dessert wines. The 
use of the B/a ratio as one means of evaluating grape varieties is also 
discussed. 

It has long been recognized that the optimum maturity of grapes 
for table wines is from 20 degrees to 24 degrees Balling,^ depending 
on the variety, season, and district, while the best dessert wines are 
produced from grapes having a Balling which is over 24 degrees ( 1 ) . 
It is also known that even with a favorable Balling, varieties of recog- 
tiized merit in certain seasons or when grown in certain districts fail 
to yield satisfactory wines. 

Ferre (3) has indited the relation of the B/a ratio to the quality 
of the wines in the C^e d'or region of France. The minimum acidity 
for the best wines was 0.66 and the maximum B/a ratio at this acidity 
was 40. The minimum needed to produce a balanced wine was about 
27 at 24.5. Balling. Under most European conditions, however, the 
climate is such a limiting factor that the balance of sugar and acid has 
been considered primarily only in the cool seasons when amelioration 
is necessary, see, for example, Kramer (4). In Algeria, where the 
climatic conditions are much warmer, the importance of the sugar-acid 
balance is recognized. Dugast (2) states that if the total acidity is 
below 0.6 per cent addition of acid is recommended, and that from 
0.6 to 0.7 per cent addition of acid is desirable if the sugar content is 
high. He recommends raising the acid to 0.8 per cent. Similar recom- 
mendations for increasing the acidity have been given by Pato (6) in 
Pox'tugal. The apparent B/a ratio recommended for grapes to be used 
for table wines in these two districts is below 30. 

Experimental Procedure 

The studies reported were mainly conducted at Davis and the utility 
of the results, as will appear later, are mainly applicable to districts 

^Hereafter in this paper the Balling-acid ratio will be reported simply as the 
B/a ratio. 

^Occasionally under particular circumstances a fine variety, the wine of which 
is destined for long aging, may require a slightly higher percentage. 
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having climatic conditions similar to those of this region. At least 
1 0 vines are represented for each variety. Sampling was done at ran- 
dom using about 10 pounds of fruit per collection. A continuous type 
press was utilized to extract the juice. Early in the season neither 
filtration nor centrifuging of the juice was necessary in order to secure 
a clear sample for analysis. All analyses, with few exceptions, were 
conducted the same day the samples were collected. Balling hydrome- 
ters calibrated in 1/10 degree, and which had an enclosed thermometer 
for correcting for temperature differences, were used. A sample of this 
juice was titrated with 0.0333N sodium hydroxide and the results 
calculated as grams of tartaric acid per 100 milliliter of juice. The role 
of the pH and of the different acids of the musts will be discussed in 
a later paper. 

Factors Influencing the Balling- Acin Ratio 

Seasonal Conditions : — ^The B/a ratio has been shown to be greatly 
affected by seasonal conditions, Winkler and Williams (11). In our 
studies the average B/a ratio of 30.6 for 90 varieties at 22 degrees 
Balling in 1939 is but slightly different from that of 32 for the same 
varieties at the same degree Balling in 1940. This is due to the small 
difference in climatic conditions during the ripening period in the two 
seasons. During maturation in 1939 the summation of heat as day 
degrees above 50 degrees F was 599 while during 1940 it was 585. 
Much more marked differences in the B/a ratio have been noted by 
Winkler and Amerine (8) between the 1935 and 1936 seasons when 
there was a much greater difference in temperature conditions. In 1935 
at 22.1 degrees Balling there was a B/a ratio of 36.2, while in 1936 
at 23.0 degrees Balling the ratio increased to 46.0, These data were 
for 240 comparisons. The 1936 season was approximately 10 per cent 
hotter than 1935 for the season as a ivhole but for the ripening period 
alone it was over 20 per cent warmer. The small differences between 
1939 and 1940 made the results of these seasons very useful for com- 
paring the B/a ratio of a large number of varieties as reported later. 

Regional Conditions : — Regional influences are important in Cali- 
fornia. Winkler (TO ) has previously shown that the differences in 
climatic conditions between the important grape-growing districts of 
California markedly influence the B/a ratio. With table grapes this 
influence has been sufficiently great to bring about the establishment of 
different marketing standards for certain districts. 

The B/a ratio of several varieties of wine grapes at 22 Balling when 
grown in a hot and in a warm section of California are reported in 
Table I. The summation of heat during the maturation period at Davis 
was approximately 30 per cent less than that at Sanger. In Table I 
there are 36 possible comparisons between Davis and Sanger. In 33 
there is a lower B/a ratio at Davis, in one there is no difference, and 
in two cases at 20 degrees Balling, when the sampling and analytical 
errors are greater, a slightly higher ratio was found at Davis than at 
Sanger. These differences are the result of significant changes in the 
total acidity. Averaging the comparative samples, the figures at 20 
degrees Balling are 34.2 for Sanger and 27.4 for Davis. At 22 degrees 
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TABLE I — ^Balling-Acid Ratio of Wine Grapes from Sanger and Davis 
AT 20 , 22 , and 24 Degrees Balling ( 1940 ) 


Variety 

20 Degrees 

22 Degrees 

24 Degrees 

Sanger 

Davis 

Sanger 

Davis 

Sanger 

Davis 

Bastardo 



21 

31 

28 

40 

33 

Beclan 

32 

30 

51 

36 

— 

41 

Cabernet Sauvignon 

23 

21 

33 

28 

46 

39 

Carignane. , 

24 

26 

40 

32 


— 

Clairette blanche 

51 

24 

— 

31 

— 

3S 

Colombard 

29 

25 

37 

32 

51 

41 

Polle blanche 

43 

25 

— 

30 

— 

— 

Mission 

31 

26 

39 

35 

48 

47 

Mondettse 

33 

30 

40 

40 

— 

48 

Mourisco preto 

34 

27 

44 

34 

— 

41 

Muscat of Alexandria 

40 

29 

58 

36 

— 

44 

Palomino 

36 

38 

61 

51 

— 

65 

Petite Sirah 

34 

27 

51 

36 

— 

— 

Pinot blanc 

— 

26 

36 

35 

46 

44 

Refosco 

36 

28 

45? 

38 

— 

49 

Semillon 

33 

28 

42 

37 

52 

45 

Trousseau 

— 

19 

32 

27 

42 

38 

Average B /a* 

Average acidityf 

34.2 

0.585 

27.4 

0.730 

42.0 

0.524 

35.0 

0.629 

47.0 

0.510 

42.1 

0.570 


♦Averaged only where both districts represented in same year. 
tCalculated acidity necessary to produce the B /a ratio given. 


Balling they are 42.0 to 35.0 and at 24 degrees 47.0 to 42.1. The 
acidities necessary to secure these average ratios are 0.59 to 0.73 at 
20 degrees Balling, 0.52 to 0,63 at 22 degrees, and 0.51 to 0.57 at 
24 degrees, respectively. The average difference at 20, 22, and at 24 
degrees Balling indicates that there is 18.1 per cent more acidity in the 
grapes grown at Davis than in those produced at Sanger. 

Effect of Crop : — It is somewhat difficult to secure accurate quanti- 
tative data concerning the influence of crop on the ratio of sugar and 
acid. That there is an effect, however, seems quite clear. In any con- 
sideration of the effect of the amount of crop, it must be remembered 
that the B/a ratio is influenced by two factors, namely, the sugar and 
acid contents of the fruit. It may be increased by either an increase in 
the sugar content or by a reduction in the acidity of the fruit. 

Thinning tests in 1937 and 1938 in which the clusters per shoot were 
reduced shortly after blooming to two and one, respectively, have not 
shown a clear-cut influence on the B/a ratio. Neither did Winkler (9) 
show a definite relation of crop to the B/a ratio in earlier work where 
he varied the number of leaves to a cluster from 2 to 30 in Muscat and 
4 to 24 in Malaga grapes. Viala and Rabault (7) also failed to secure 
a uniform change in the B/a ratio when the leaf area per fruit was 
reduced. 

The pruning practices of the cooler locations of Europe are appar- 
ently based on drastically reducing the crop in order to secure suffi- 
ciently early ripening as well as to obtain a favorable B/a ratio. Under 
most California climatic conditions such extreme reduction of crop 
would be harmful. The frosts of the spring of 1936, for example, did 
reduce the crop and the resulting vintage was much less satisfactory 
for many varieties due to the very high B/a ratios which prevailed. 
(See also Winkler and Amerine (8) for the important influence of 
climatic conditions during ripening on this crop.) It should be noted, 
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TABLE II — The Effect ok Crop on the Baixing-Acid Ratio at 20, 22, 
AND 24 Degrees Balling 


Variety 

1039 

1940 

Crop 

(Tons 

Per 

Acre) 

The B/a at Ballings of 

Crop 

(Tons 

Per 

Acre) 

The B /a at Ballings of 

20 

Degrees 

22 

Degrees 

24 

Degrees 

20 

Degrees 

22 

Degrees 

24 

Degrees 

Dolcetto 

4.8 

29 

41 

53 

3.8 

28 

34 

39 

Mathiasz y-ne 

2.3 

29 

43 

57 

7.0 

44 

55 

65 

Muscat Canelli 

3.1 

24 

35 

46 

1.8 

23 

31 

40 

Neiretto 

1.8 

18 

24 

33 

3.3 

24 

32 

41 

Pagadebito 

3.5 

25 

39 

53 

5.4 

34 

51 

63 

Sylvaner 

4.1 

22 

30 

36 

3.15 

19 

24 

29 


however, that where there is a light crop the grapes may be picked 
somewhat earlier and the total acidity need not diminish to such an 
extent if the picking date is carefully watched. 

Overcropping is quite common in California and its influence is of 
considerable practical importance. It is common experience that when 
grapes overcrop they may fail to adequately ripen. The rate of change 
of the Balling is then mai'kedly reduced. In a few cases the acidity also 
does not change at its usual rate but in most cases there is a marked 
reduction in acidity and the B/a ratio increases while the Balling 
stays practically constant. The decrease in acidity may be due simply 
to the very long time during which the grapes must be left on the vines 
to ripen. 

A similar situation to the above may occur with only a moderate crop 
in years following excessive over-cropping that has greatly depleted 
the reserves of the vines. This condition, along with the rehabilitation 
of the vines in a number of vineyards is being investigated. 

Data are given in Table II on the influence of crop on the B/a ratio. 
Examples of varieties showing a high crop in 1939 or in 1940 are 
given. The vines are 4 and 5 years old, and for the capacity of the vines 
the larger crop figures given represent an overcrop. In the year of the 
overcrop the B/a ratio is greater at 20, 22, and 24 degrees Balling than 
in the other year when the crop w^as approximately normal. If the rate 
of ripening is a function of leaf surface, as indicated by Winkler (9), 
this would be expected since the grapes must remain on the vines a 
much longer period of time in order to attain the same percentage of 
sugar and the acid content of the fruit will gradually diminish. 

Influence of Variety : — The largest and most consistent differences 
in the B/a ratio are the result of varietal influences. The difference 
between varieties is illustrated by the grouping of a number of repre- 
sentative varieties according to their B/a ratio under A, B, and C in 
Table III. These data are based on at least four collections made during 
the x-ipening period, September to October, for a large number of 
varieties. These Balling readings were plotted against the acidity. The 
acidity at Ballings of 20, 22, and 24 degrees was then taken from the 
curve and the B/a ratio at these Ballings calculated. 

The influence of soil conditions, humidity, and exposure has not 
been studied thus far. 
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TABLE III— The Balling-Acid Ratio of Typical Wine Grape Varieties 
Grown at Davis in 1939 and 1940 at Ballings op 20 , 22 , and 24 Degrees 



A. Varieties With Ratios of Below 28.6, 31,4, and 34.3 at Ballings of 

I 20 Degrees I 22 Degrees I 24 Degrees 


Affenthaler 

17 

18 

24 

25 

34 

31 

Gamay Beaujolais i 

20 

22 

27 

28 

33 

34 

Grignolino 

12 

15 

17 

22 

25 

29 

Negrara di Gattinara ! 

15 

22 

25 

28 

33 

34 

22 

Sangioveto 

14 

12 

18 i 

17 

25 

B. Varieties With Ratios 

Exceeding 

28,6^ 31.4^ and 34.3 at Ballings of 



1 20 Degrees j 

22 Degrees ! 

j 24 Degrees 

Beclan 

29 

30 

39 

36 i 

48 

41 

Griolla di Vino 

31 

29 

43 

39 

57 

50 

Malmsey 

31 

34 

40 

45 

61 

51 

Mathiasz y-ne 

29 

44 

43 

55 

57 

65 

Muscat di Terracina 

37 

1 40 

44 

49 ! 

53 



C. Varieties With Ratios Inter-mediate to Those of A and B 



1 20 Degrees 

1 22 Degrees ] 

1 24 Degrees 

Bambino bianca 

23 

22 

34 

29 

44 

48 

Boal di Madeira 

23 

27 

30 

33 i 

46 

39 

Clairette blanche 

21 

24 

28 

31 1 

38 

38 

Colombard 

24 

25 

33 

32 I 

39 

41 

Muscat Canelli 

24 

23 

35 

31 1 

51 

40 


Utility of the Balling-Acid Ratio 

The data of Table III not only indicate the differences in the B/a 
ratio of various varieties but they also show that these differences are 
of about the same magnitude at a given location in seasons that differ 
little climatically, as in 1939 and 1940. The duplicability of the B/a 
ratio of the varietal differences during four quite similar seasons is 
shown for several representative varieties in Table IV. 

This limited fluctuation of the B/a ratio within a given region when 
the seasonal conditions vary but slightly and when production is con- 
trolled, suggests its utility as a means of differentiating the various 
varieties from one another. If 0.70 per cent total acid be taken as the 
minimum value for musts intended for the production of dry table 
wines and if 0.70 per cent is also a maximum acid content for musts 

TABLE IV— The Balling-Acid Ratios of Representative Varieties at 
Davis"At 20 , 22 , and 24 Degrees Balling Based on Weekly 
Collections Throughout the Seasons 
OF 1937 and 1940 


Varieties 

1937 

1938 

1939 

1940 

20 

22 

24 

20 

22 

24 

20 

22 

24 

20 

22 

24 

Carignane 

19 

27 

32 

22 

29 

35 

26 

32 

— ' 

21 

27 

32 

Chasselas donS 

38 

47 

57 

43 

66 

69 

45 

61 


50* 

66* 

— 

Muscat of Alexandria 

33 

38 

52 

33 

42 

61 

27* 

35* 

00 

* 

32 

87 

44 

Petite Sirah 

27 

32 

37 

27 

33 

39 

27* 

36* 

— 

23* 

32* 

40* 

Thompson Seedless 

26 

32 

43 

26 

36 

47 

29 

36 

46 

26 

31 

38 


*Irregtalar collection dates, bnt at least four samples taken during the ripening period. 
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intended for sweet dessert wines, then certain minima and maxima 
in the B/a ratio may be established. Grapes are ordinarily harvested 
for the production of dry table wines at Ballings of 20 to 24 degrees, 
and usually at 22 to 24 degrees. Grapes intended for dessert wines 
should have Ballings exceeding 24 degrees. The B/a ratio at 20, 22, 
and 24 degrees Balling for 0.70 per cent total acid is 28.6, 31.4, and 
34.3. Varieties which exceed these ratios at these Ballings, particularly 
at 22 and 24 degrees are less suited to the production of table wines 
than varieties having a lower ratio. 

Dessert wines, on the other hand, require grapes with a minimum 
ratio of 34.3 at 24.0 degrees Balling. It is possible that certain varieties, 
Mourisco branco for example, have a ratio that is too high — over 60 
at 24 degrees Balling — for sweet wines, but such cases are rare. 

In Table III we have given some examples of varieties which fall into 
each of these classes, together with a few borderline cases. For pur- 
poses of classification we may divide the grape varieties thusly : 

A. Varieties having a B/a ratio of below 28.6, 31.4, and 34.3 at 20, 

22, and 24 degrees Balling. These are the typical dry, table 
wine grapes. 

B. Varieties having a B/a ratio af over 28.6, 31.4, and 34.3 at 20, 

22, and 24 degrees Balling. These are typical sweet dessert 
wine grapes. 

C. Varieties which have a B/a ratio of below 28.6 and 31.4 at 20 

and 22 degrees Balling but which exceed 34.3 at 24 degrees 
Balling. These varieties should be grown in a cooler district 
than Davis if dry table wines are to be produced from them. 

A complete listing of varieties which have been tested by the above 
procedure and which fall into group A is as follows: Affenthaler, 
Alicante Ganzin, Aramon (at 20 and 22 degrees Balling), Barbera, 
Bolgnino, Bonardo, Carignane, Fogaruna, Camay Beaujolais, Grig- 
nolino, Gros Manzenc, Grosse blau, Limburger, Malbec, Nebbiolo fino, 
Nebbiolo Tronero, Negrara di Gattinara, Negro amaro, Peverella, 
Picpoule noir (at 20 and 22 degrees Balling), Robasi di Piave, St. 
Macaire, Sangioveto, Tannat, Tinta amarella, Verdelho. Only two 
of these are white varieties, which indicates the scarcity of high acid 
white wine grape varieties for the production of dry table wines in 
the interior valleys of California. Under conditions as cool or cooler 
than those of Davis these varieties are well adapted to the production 
of dry table wines. Some of these varieties do not attain sufficient 
sugar or have too high a total acid for their use in the regular pro- 
duction of dry wines when they are grown in the coolest sections of 
California and, likewise, they may, when grown in the hottest districts, 
have too much sugar and insufficient acidity for the production of 
dry wines. 

The varieties which have been tested at Davis and which fall in 
Group B include: Alicante Bouschet, Beclan, Charbono, Chasselas 
dore, Chenin noir, Coristano, Dolcetto, Flame Tokay, Grec rouge, 
Griolla di Vino, Gros Verdot, Kadarkas, Macaroli, Malmsey, Mantua 
di Pilo, Mathiasz y-ne, Marsanne blanc, Mondeuse, Muscat di Ter- 
racina, Muscat of Alexandria, Muscat Pantellana, Muscat St. Laurent, 
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Nasa Veltliner, Nicolas Horthy, Pagadebito, Palaverga, Palomino, 
Petite Bouschet, Refosco ( ?), Steinschiller, Terret Bourret, Vernaccia 
bianca. 

The varieties in group C may be divided into two divisions. Those 
which only exceed the minimum ratios for dry wines at 24 Balling 
and which are in general considered table wine grapes. Varieties tested 
and found to fall into this group are : Antibo, Burger, Cabernet Sau- 
vignon, Chenin blanc, Clairette blanche, Croetto Moreto, Erbalus di 
Caluso, Folle blanche, Gewiirz Traminer, Kleinberger Riesling, La- 
grain, Malvasia bianca, Orleans Riesling, Pinot blanc, St. Emilion, 
Sauvignon blanc, Semilion, Sylvaner, Walschriesling, and White 
Riesling. 

In the second division of group C are those varieties which exceed 
the maximum at both 24 and 22 and are, in general, considered to be 
dessert wine grapes. The varieties tested which fall in this group are : 
Bambino bianco, Boal di Madeira, Colombard, Corbeau, Ezerjo (F. 
P. I, No. 105001), Koptcha, Meunier, Mission, Montannacio, Muscat 
Canelli, Muscat Hamburg, Neiretto, Orange Muscat, Petite Sirah, 
Thompson Seedless, Trousseau (and Bastardo), Tinta di Madeira, 
Valdepehas, and Vermentina Favorita. 

The adaptations listed do not mean that the variety will make a 
quality wine of the type listed. But as far as the sugar and acid are 
concerned, there will be no difficulty in the production of the type of 
wine specified. Amount of crop, resistance to disease and insect pests, 
scion-stock interrelationships, time of blooming, ease of training and 
picking, color, aroma, flavor, ease of crushing, and stemming the 
grapes, and of fermenting and aging the wine are also factors in- 



Fig. 1. Showing the rate of change in the Balling-acid ratio for two repre- 
sentative varieties in groups A and C. 
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fluencing the choice of a variety. The B/a ratio at several Ballings 
is, however, very helpful for a preliminary grouping of wine grape 
varieties. 

The rate of change of the sugar and acid from 20 to 24 degrees 
Balling is greater for the varieties in group C than in those of A and B. 
This is indicated in Fig. 1. This rate of change is not a function of 
crop, since the varieties in group C are neither larger nor smaller pro- 
ducers than those in groups A and B. It is concluded that this is a 
fundamental difference of these varieties and further studies of the 
total acid balance and buffer capacity of these varieties during ripening 
will be carried out in order to elucidate this point. 

Conclusion 

The B/a ratio of grapes is influenced by the seasonal and regional 
conditions, the amount of crop, and the variety. The influence of the 
first two conditions is relatively direct, that of the amount of crop is 
not so clear cut, while that of variety is the most marked. The later 
influence dominates the others under the conditions of commercial 
grape production. 

By utilizing the varietal differences in the B/a ratio at given degrees 
of Balling, a segregation of wine grape varieties into groups based on 
their best adaptation for given types of wine under a given environ- 
mental condition may be made. This segregation has been made for 
about 100 varieties grown at Davis. Three groupings have been made : 
Group A for varieties having ratios of below 28.6, 31.4 and 34.3 at 
20, 22 and 24 degrees Balling ; Group B for varieties exceeding these 
ratios at the three Ballings; and Group C for varieties which at 20 
or 22 degrees have a ratio of below those given but which exceed the 
ratio at a higher Balling, Group A varieties are typical dry table wine 
grapes for Davis conditions. Group B varieties are typical sweet des- 
sert wine grapes under these conditions and Group C varieties either 
should be grown under warmer or cooler conditions for production of 
dessert or table wines respectively. The adaptability of wine grape 
varieties for given types of wines can be predicted by this method, but 
the quality of the wines cannot be foretold. 
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On Aerial Propagation of Grapes 

By C. A. Magoon and I. W. Dix, U. S, Horticultural Station, 
Beltsville, Md, 

T he ]>ropagation of grape vines from cuttings and by layering are 
time-honored procedures. They have, however, the disadvantage 
that an entire season is required to secure rooted plants and, in the 
case of layering, it is not always feasible to find suitable canes for the 
purpose. The aerial rooting of certain plant species, particularly of 
citrus, by the use of special rooting boxes placed about the stem or 
branch of the plant and filled with moist soil, sphagnum or other root- 
ing medium, has been done by various investigators, and May and 
Bullen^ some 13 years ago patented and dedicated to the use of the 
public a so-called “marcottage box'’ for the purpose. This consists of 
a slotted paraffined cardboard container the two halves of which, after 
packing partially full with a moist rooting medium, and placing about 
the portion of the plant to be rooted, telescope one within the other 
and when bound form a close fitting box within the contents of which 
the roots form. 

Desiring to secure for physiological experiments during the current 
season a considerable number of rooted plants of different varieties 
which otherwise would not be available, aerial propagation was re- 
sorted to on vines in the varietal collection of the United States Horti- 
cultural Station, Beltsville, Maryland. The results were so favorable 
and the method so well adapted to practical use for various studies it 
was thought worth while to describe it for the benefit of those who 
may care to make use of it. 

Experimental 

The rooting receptacle used was a modification of the marcottage 
box of May and Bullen, specially adapted for use on grape vines, 
and was constructed from ordinary 3-inch paper mailing tubes with 
end discs of double-walled corrugated cardboard. To prepare, the 
mailing tube was cut into 4^-inch lengths with an ordinary hack saw, 
a j4-inch hole cut in the wall midway between the ends, and longi- 
tudinal slits made from this hole to each end of the tube. The end discs 
w^ere marked off on sheets of cardboard — in this case material from 
second-hand corrugated cardboard packing cases — and the discs cut 
out wdth the small blade of a jackknife. A central 34 -inch hole was cut 
in each and a slit made from this to the outer rim of the disc. Both 
tube and ends were then immersed for a few moments in hot melted 
paraffin and -when cool were ready for use. Fig. 1 shows the parts and 
assembly of these to form the completed box, together with a quantity 
of moist sphagnum mixed with a small proportion of potting soil, which 
was used as the rooting medium. 

The box was installed by opening the tube and slipping it around 
the cane at the node, allowing the side shoot to protrude through the 

^United States Government Patent No. 1,655,731 issued January 10, 1928 to 
Eugene May, Jr. and Robert J. Bullen, Bureau of Plant Industry, United States 
Department of Agriculture. 
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Fig. 1. Showing parts and assembly of the rooting box, together with a small 
quantity of the rooting medium. 

side hole. The tube was then closed and tied with cord at each end. 
One of the end dieses was next slipped over the cane and fitted into the 
end of the tube, a retaining wire inserted to hold it in place, and the 
box packed with the moist sphagnum-soil mixture, pressing it closely 
about the cane. When full the other end disc was slipped onto the cane, 
pressed into the end of the tube and secured by wire as before. By 
using a wire about an inch longer than the diameter of the tube the 
box was easily attached to the trellis wire for support. No chemical 
root production stimulant was used. Fig. 2 shows the details of the 
installation. 

In order not to interfere with renewal canes, boxes were not installed 
at nodes close to the main 
stem of the vine where 
the renewal canes ordi- 
narily used develop. Fig. 

3 shows a vine with nine 
installations in place. 

The first set of rooting 
boxes was installed on 
May 27, 1940 at which 
time the side shoots were 
12 to 18 inches long and 
the flower clusters fully 
developed. A second lot 
was installed on June 4 
and 5. Nine different va- 
rieties were used, includ- 
ing : Bailey, Beacon, Con- 
cord, Dakota, Delaware, 

Ellen Scott, Herbemont, 

Niagara and Peabody. - , . ^ 

In these, 144 installations 

were made. Fic. 2, The rooting box in place. 






Fig. 3. Showing vine with nine rooting boxes in place. 


On June 18, 22 days aftei* the experiment was begun, examination 
showed well developed roots in all the rooting boxes first installed, 
that is, on the Beacon, Dakota, Niagara, and Peabody, and at this time 
the cane was severed at each end of the box, the protruding side shoot 
cut back to 3 to 4 nodes, and the new plants thus secured taken to the 
lath house for potting. Here the boxes were removed, the excess sphag- 
num and cane wood discarded, and the plants placed in water for a 
short time to soak the remaining sphagnum thoroughly. They were 
then put into 6-inch pots, using rich potting soil and watering well. 

On July 2, 27 clays after installation of the rooting boxes on the 
varieties Delaware and Herbemont, and 28 clays on the varieties 
Bailey, Concord, and Ellen Scott, all new plants were removed from 
the vines and taken to the lath house for planting as before. In this 
case, more care was exercised to prevent wilting, the pi’ocedure being 
to sever the distal end of the cane first, then the excess growth of the 
side shoot, and finally the cane at the end of the box nearer the trunk 
of the vine. The new plants were put at once into buckets of water to 
keep them fresh until potted. After putting in the pots, about one-half 
of each leaf was removed. With this procedure the plants suffered less 
than those previously potted. 

Positive rooting was obtained in every case with all varieties. Fig. 4 
shows plants of Concord and Delaware as they were when taken from 
the rooting boxes. 

In order to determine whether rooting would take place on canes of 
the present season’s growth, on July 11 five rooting boxes were in- 
stalled on new canes of the Beacon variety, with a mature wood control, 
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Fig. 4. Showing rooted plants of Delaware (left) and Concord (right) 
varieties as they were taken from the rooting boxes. 

and two were put onto branches of muscadine vines to test the adapt- 
ability of the method to propagation of this type of grape. On August 
12, 31 days after the boxes were placed on the canes, all showed abun- 
dant root growth both on green wood and mature wood of the Beacon 
variety. At this time no roots were found in the boxes on the musca- 
dine vines but were found in abundance on August 23. 

While positive rooting took place in every case, some plants at the 
time of or following the potting process were lost. This was due in part 
to injury in handling and in part, it is believed, to too early removal of 
the new plants from the mother vine. The heavy loss of plants of the 
Beacon variety was almost certainly due to the latter cause. The per- 
centages of strong plants secured from the different varieties were as 
follows: Bailey, 100; Beacon, 33; Concord, 89; Delaware, 100; Ellen 
Scott, 78 ; Dakota, 100 ; Niagara, 94 ; Peabody, 94 ; and Herbemont, 78. 

On July 30 growth of the potted plants in the lath house had been 
so rapid that it was necessary to transfer them to larger pots, and on 
August 8 all plants were removed from the lath house and put out in 
the open sunlight. Fig. 5 shows average plants of the different varieties 
as they appeared on September 28. 

Discussion 

One interesting observation made on the new plants derived from 
these experiments was that in the case of the Concord and Delaware 
varieties the new shoots developing from the axillary buds put out 
flower clusters, and in the case of one such cluster saved on a Delaware 
vine, nearly mature fruit was produced. None of the other varieties 
showed flower cluster development. This is of interest as indicating 
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Fig, 5. Photograph of average vines of the nine varieties of grapes taken on 
September 28, 1940. The amount of growth is indicated by the stakes which 
average 33 inches in height above the soil in the pots. 


something of the time when flower cluster priniordia are laid down in 
the buds of some grape varieties. 

While it was found that rooted plants could be obtained from canes 
of the present season’s development the plants derived were unable to 
make sufficient growth during the remainder of the season to make 
this method of propagation appear practical in this latitude. It might 
serve very well, however, in the more southern sections of the country 
having longer growing seasons. In our latitude the sooner the process 
is initiated after the new spring shoots have attained sufficient size to 
make the work feasible, the better the plants will be at the end of the 
season. 

The prompt development of roots by this method should be of par- 
ticular interest to cytologists concerned in studying chromosome be- 
havior in grapes as abundant root-tip material of excellent quality may 
be obtained quickly and the result of colchicine and other special treat- 
ments can be promptly checked. No injury to vines is necessary for 
after examination of the tips all root growth may be rubbed off and the 
vine allowed to grow as usual. 

The method is also particularly w'ell adapted to the rapid and surer 
propagation of particularly valuable seedlings, chimeral material, and 
varieties not rooting readily from cuttings. For the practical propa- 
gation of standard varieties in commercial quantities, however, it 
would scarcely be feasible because of labor cost, except, perhaps, in 
special cases. The development of potted plants by this method for use 
in city yards and other special situations may merit some consideration. 

The particular value of the method in the present case has been 
the saving of a year’s time in the setting up of desired physiological 
experiments. 



Carbohydrate Changes in Muscadine Grape Shoots 
During the Growing Seasoni 

By T. A. Pickett and F. F. Cowart,^ Georgia Agricultural 
Experiment Station, Experiment, Ga, 


T he muscadine grape {Vitis rotimdijolia Michx.) is propagated 
commercially by layering, since its cuttings are very difficult to root. 
While layering is an efficient means of propagation of this plant, the 
advantages of propagation by cuttings, when possible, are obvious 
especially where limited plant material is available. Work has been in 
progress at this Station for several years in an attempt to find a method 
of treatment whereby muscadine cuttings could be induced to root 
satisfactorily. Along with these studies, analyses for carbohydrate 
fractions were made on muscadine grape cutting wood collected at 
monthly intervals during the growing season, in an effort to relate the 
carbohydrate content with possible variations in rooting response ob- 
tained on such cuttings. This paper is primarily concerned with the 
results of these analyses. 


Materials and Methods 

Five similar samples of shoot pieces, 8 to 12 inches in length, were 
collected from 8-year-old Hunt muscadine vines on May 25, 1936, and 
at monthly intervals through November 25, 1936. These pieces were 
taken 12 or more inches back of the growing point and represented 
essentially mature wood, except in the very earliest samples. After 
the cuttings were removed from the vines, a lot of 100 was placed in 
sand in the greenhouse to note the rooting response. XJie others were 
cut into small pieces, 
thoroughly mixed, por- 
tions were used for mois- 
ture determinations, and 
100-gram samples were 
preserved in 80 per cent 
alcohol. At a later date 
these 100-gram samples 
were extracted repeated- 
ly with hot alcohol until 
all soluble carbohydrates 
were removed. The ex- 
tracts were dealcoholized, 
cleared, deleaded, and the 
carbohydrates were de- 
termined by the Shaffer- 
Somogyi method (1). 

Sucrose was determined 



Fig. 1. Seasonal variation of reducing sugars 
and sucrose in muscadine grape shoots, 
expressed as milligrams of glucose per 
100 grams dry weight. 


by inverting with invertase. Starch, by diastase plus acid, and acid 
hydrolyzable material by acid, were determined on the extracted resi- 


Tublished with the approval of the Director as Paper 78, Journal Series, 
Georgia Agricultural Experiment Station. 
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dues. The results of a few analyses on the extracts indicated that non- 
fermentable substances which might react with the Shafler-Somogyi 
reagent were insignificant. 

Results 

The results of the analyses for reducing sugars and sucrose from the 
five similar samples for each month were averaged and are given in 
Fig. 1 in terms of glucose on a dry weight basis. On a fresh weight basis 
the data would be somewhat different since moistures decreased as 
the season progressed from 64.1 per cent in May to 44.8 in November, 
although the curves would assume about the same general shape. 

There was a slight decrease in tlie sucrose content during the first 
part of the growing season, followed by a very large decrease until the 
minimum was reached at the August 25th sampling. The fruit of the 
muscadine grape matures at about this date in this latitude. This de- 
crease was probably due to the sucrose being utilized for growth and 
fruit formation. From August 25 through November 25 there was a 
very large increase of sucrose, the value in November being over ten 
times higher than in August. These sugars that earlier in the season 
were evidently being broken down and utilized for fruit and vine 
growth were accumulating probably as a result of fruit maturity and 
a decrease in rate of vine growth. 

Instead of a decline in concentration, as in the case of sucrose, the 
reducing sugars showed a decided increase in concentration during the 
first month. After the June 25th sampling, the reducing sugars de- 
creased until October 26. From that date to November 25 there was a 
decided increase. Although the reducing sugars were in larger con- 
centrations than sucrose, the variations were not as pronounced. The 
maximum concentration (in June) was only about 100 per cent higher 
than the minimum concentration (in October). 

As shown in Table I, the starch content of the residues increased 
with the season, while the acid hydrolyzable fraction remained constant. 


TABLE I — Polysaccharides in Extracted Residues, Dry Basis 


Sampling Date 

Starch 
(Per Cent) 

Acid Hydrolyzable 
Substances in Terms 
of Glucose 
(Per Cent) 

May 25 

0.32 

16,53 

June 25 

0.58 

15.45 

July 27 

1-68 

16.09 

August 2.5 r 

17.08 

September 26 

231 

17.72 

November 25 

2.53 

17.69 


Conclusions 

Both sucrose and reducing sugar values found in Hunt muscadine 
shoots decreased rapidly during early summer and attained their for- 
mer or higher values by late fail. The starch values showed a general 
increase from May through November, while the acid hydrolyzable 
fraction remained constant. 
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A Preliminary Study of Chlorosis in American Grapes^ 

By L. R. Bryant and George A. Beach, Colorado Experiment 
Station, Fort Collins, Colo. 

C HLOROSIS of the *‘iron~deficiency” type is one of the soil prob- 
lems common in growing many varieties of American grapes in 
semi-arid areas of the United States and elsewhere. There appear to 
be no means of predicting resistance or susceptibility to this trouble 
except by trial. The data presented are part of a study of grape variety 
adaptation in progress at the Colorado Experiment Station at Fort 
Collins, Colorado. In 1935 five plants each of 42 varieties of American 
grapes were set out on a Fort Collins fine sandy loam soil. The pH of 
soil samples at a 1 to 2 ratio (soil to water) gave values of 8.2 in the 
0- to 6-inch level and 8.5 at 18 inches below the surface. The calcium 
carbonate content of the soil ranged from 1.5 per cent in the upper 
6 inches to 11.75 per cent at 18 inches. The total soluble salts as esti- 
mated from an electric bridge test were 0.07 per cent in the upper 
6 inches and 0.08 per cent at 18 inches. 

In 1937, during the third season in the vineyard, some indications 
of chlorosis began to appear, enough being indicated to show the 
desirability of specific study of this phase of the grape production 
problem. Beginning in 1938, annual chlorosis readings have been made 
on this material. Diagnostic "'dip tests” ( 1 ) for deficiencies of various 
elements on foliage have shown consistent results only from the use 
of iron salts, indicating that the chlorosis is of the “iron-deficiency” 
type. 

The summary of resistance or susceptibility of each of the 42 varie- 
ties to this type of chlorosis over a 3-year period follows. The varieties 
in each group are arranged in the order of increasing severity. 

Group 1. Resistant or Chlorosis-Free: — All foliage is green and 
growth is vigorous. Varieties — Beta, Brighton, Delaware, Eaton, El- 
vira, Herbert, Portland, Salem, and Urbana. 

Group 2. Very Light Chlorosis: — ^A part of the new growth shows 
some chlorosis, but total plant growth is vigorous. Varieties — ^Aga- 
wam, Bacchus, Barry, Clinton, Caco, Daisy, King, Wilder, Winchell, 
Goethe, and Vergennes. 

Group 3. Light Chlorosis: — Chlorosis extends to most of the newer 
leaves and to some of the older. Usually there is a slight decrease in 
plant vigor. Varieties — Champion, Ontario, Lindley, and Wyoming. 

Group 4. Medium Chlorosis: — h definite yellowing is evident over 
most of the plant which still retains fair vigor. Varieties — ^Fredonia, 
Sheridan, Concord, Niagara, Regal, Ives, Catawba, Moyer, Hubbard, 
Campbell Early, Worden, and Gaertner. 

Group 5. Severe Chlorosis: — ^The plant is seriously chlorotic with 
definite impairment of growth. Varieties — Moore Early, Diamond, and 
Lucile, 

Group d. Very Severe Chlorosis: — ^The plants are severely chlorotic 

^Published as Paper No. 117 of the Scientific Journal Series, Colorado Experi- 
ment Station. 
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with growtli seriously impaired. ‘Toliage burning’’ is evident on at 
least part of tlie leaves. Varieties — Champagne, Pocklington, and 
Lutie. 

In some respects these data do not always check with those reported 
elsewhere. For example, the varieties Bacchus, Clinton and Elvira, 
which are classed in the resistant or the very light chlorosis groups 
here, have all been reported as sensitive to calcareous soils (2), Under 
the conditions considered in this test, the growth of all three has been 
satisfactory to date. 

On the criterion of severity of chlorosis as shown by the data pre- 
sented, varieties in group 1 appear to be well adapted to the average 
soils in this area. Those in group 2 should also be satisfactory. Varie- 
ties in groups 3 and 4 must be considered questionable, but some of the 
varieties are well worth further trial. Those in groups 5 and 6 definitely 
are not worth planting here. 
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Studies on the Shatter of Grapes with Special Reference 
to the Use of Solutions of Naphthalene 
Acetic Acid to Prevent It 

By W. T. Pentzer, U. S, Department of Agriculture, 

Fresno, Calif. 

S OME varieties of grapes, notably Sultanina of the vinifera varieties, 
“shatter'' or pull loose from the bunches during handling and 
shipment. The reports of Gardner, Marth, and Batjer (2, 3) on the 
inhibition of the normal dropping of mature apple fruits by spraying 
the trees just prior to fruit maturity with dilute solutions of plant 
growth substances prompted the trial of one of these materials to pre- 
vent such shattering of grapes. 

Methods and Materials 

Six varieties of grapes, Sultanina, Tokay, Ribier, Emperor (Vitis 
vinifera varieties), Pierce {V. Labrusca variety), and James (V. ro- 
timdifolia variety) were treated with solutions of naphthalene acetic 
acid. Some of the grapes of the Sultanina and James varieties were 
slightly overmature and were ready to shatter when they were treated. 
Pierce and Tokay were likewise very ripe but they showed little 
tendency to shatter, whereas the late season varieties, Ribier and 
Emperor were in a firm mature condition. 

The solutions of naphthalene acetic acid were applied to the fruit 
in two different ways. In one set of experiments, freshly picked grapes 
were soaked in dilute solutions of the chemical for 5 minutes. In other 
cases it was applied as a spray to the grapes 6 days prior to harvest. 
The concentration for these tests was 0.005 per cent, the solution being 
acidified by the addition of O.S grams of citric acid per liter. The fruit 
treated after harvest in 1939 was held for 24 hours after treatment at 
55 to 75 degrees F, temperatures considered favorable for response 
from the chemical. It was then given the usual fumigation with sul- 
phur dioxide that commercial treatments receive and was held at 38 
to 40 degrees for 12 days before inspection, to simulate shipment to 
eastern markets. The fruit that was sprayed on the vines was handled 
in a similar manner after it was picked. The experiments conducted 
in 1940 were designed to test the chemical under conditions most 
favorable for response. The grapes were not fumigated with sulphur 
dioxide after they were soaked in the chemical nor were they held 
at refrigerator car temperatures. They w^ere stored at 65 to 75 de- 
grees until they were examined 4 to 6 days after the treatment. 

After the above holding periods, the force required to pull untreated 
and treated grapes from their pedicels was measured. The method 
followed was similar to that of De Villiers (1), a spring balance sensi- 
tive to 10 grams being used for this purpose. The sample from each 
lot consisted of 100 or more berries for all but the James variety of 
which the amount of fruit available was limited. With the Sultanina 
variety in 1939, measurements were made on 360 berries selected in 
lots of 20 from 18 bunches in the untreated lot, and on 460 berries 
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selected from 23 bunches in the treated lot. The fruit used in all the 
tests was picked from the same vines and was segregated into lots of 
uniform appearance before treatment. The significance of differences 
between the means of treated and untreated lots was tested by the F 
value, using the variance of the means of bunches within the lots as the 
estimate of error. 

Results 

The differences found in the mean attachment of treated and un- 
treated lots (Table I) were so small that no significance could be 
attached to them. There was greater variance between bunches of the 
same lot than there was between treated and untreated lots. Ribier 
was a doubtful exception with F meeting the 5 per cent but not the 1 
per cent requirement of significance. 

The failure of the growth-promoting chemical, naphthalene acetic 
acid, to increase the adherence of grape berries to the pedicel as con- 
trasted with the success that attended its use to retard the fall drop 
of apples can probably be best explained by a consideration of the 
morphological differences in the attachment of the two kinds of fruit. 
In none of the Vinifera varieties was there an indication that an ab- 
scission layer was formed across the pedicel resulting in a weakened 
attachment such as occurs with apples and pears. The Pierce variety 
(Labrusca) had an abscission layer formed close to the point of at- 
tachment with the berry in some cases but rarely did the pedicel break 
at this point. Instead, the ‘‘brush^^ or network of vascular tissue which 
enters the grape through the pedicel pulled out of the fruit, this variety 
behaving the same as the Vinifera varieties in this respect. The James 
variety (Rotundifolia) pulled loose at an abscission layer, leaving 
some of the pedicel attached to the grape. If the action of the chemical 
is one involving the cells of an abscission zone, no response could be 
expected in the Vinifera varieties. With varieties of Labrusca and of 
Rotundifolia, there is basis for expecting some effect, although none 
was observed in these limited tests. 

The larger grapes as determined by w'eight, were more strongly 
attached than smaller ones of the same variety (Table II), a relation- 
ship previously reported by De Villiers (1). The comparative size 
of the conducting tissue which forms the attachment may account for 
the differences noted. However there are factors other than size that 
influence pedicel attachment within the variety, Jacob (4) has shown 
that girdling increased berry adherence even though it did not increase 
the size of the berries when done at the beginning of bloom. Also, he 
found that the largest berries were obtained by girdling after the 
fruit had set, whereas the strongest adherence was obtained by gird- 
ling earlier, at the end of bloom. The maturity of the fruit has a 
marked effect on berry attachment, a fact well recognized by growers 
and shippers. A prolonged storage period also apparently weakens the 
attachment. The shatter of grapes of the Ribier variety, commonly 
having a very strong attachment when harvested, was observed last 
season after about three months storage. 

Changes in the composition of the fruit which result in softening 
of the flesh and lessened resistance to shearing forces, usually attribu- 
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TABLE I — The Effect of Naphthalene Acetic Acid on the Pedicel 
Attachment of Certain Grape Varieties 



No Treatment 

Naphthalene Acetic Acid 

Variety 

Size of Sample 

(A) Mean 
Attach- 
ment 
(Grams) 

Size of Sample 

(B) Mean 
Attach- 
ment 
((jrrams) 

Difference 

B-A 

(Grams) 


Bunches 

Grapes 


Bunches 

Grapes 




Treated After Harvest 


Sultanina*.. . 

18 

360 

170 

23 

460 

163 

-7 

Sultanina . . . 

5 

100 

160 

5 

100 

175 

+15 

James 

4 

36 

189 

4 

40 

180 

-9 

Pierce 

6 

100 

192 

5 

100 

205 

+13 

Pierce 

5 

100 

250 

5 

100 

247 

-3 


5 

100 

397 





Ribier* 

34 

170 

599 

35 

175 

564 

+35 

Emperor 

5 

100 

664 

5 

100 

644 

^20 




Sprayed On The Vine 




Sultanina*. . . 

j 20 

1 400 

i 203 1 

[ 12 

1 240 j 

1 185 

i -18 


♦Tests made in 1939, all others in 1940. 


TABLE II — ^The Relation of Grape Size to Strength of Pedicel At- 
tachment IN Sultanina Grapes 


Lot 

Mean Weight of 

20 Berries In The Lot 
(Grams) 

Mean Attachment 

(Grams) 

A 

43.7 

179 

A 

66.0 

222 

B 

37.4 

135 

B 

45.6 

166 


57.2 

197 


ted to alterations in the pectic constituents in the cell walls, are prob- 
ably involved in the weakening effect of over maturity or prolonged 
storage. 

A marked difference was noted between the varieties in berry at- 
tachment. The good storage varieties, such as Ribier and Emperor, 
characterized by tough skin and well developed pedicels, had pedicel 
attachments three to four times as strong as Sultanina. 

Summary 

Naphthalene acetic acid when applied in a preharvest spray or as a 
dip to freshly picked grapes failed to increase berry adherence signifi- 
cantly in any of the varieties tested, which included four Vinifera 
varieties and one each of Labrusca and Rotundifolia. 

Literature Cited 

1. De Villiers, Francois Jean. Physiological studies of the grape. Dept. 

Agr., Union of South Africa Set, Bui. 45. 1926. 

2. Gardner, F. E., Marth, P. C, and Batjer, L. P. Spraying with plant 

growth substances to prevent apple fruit dropping. Science. 90 : No. 2331. 
208-209. 1939. 

3. Spraying with plant growth substances for control of the pre- 

harvest drop of apples. Proc. Amer, Soc. Hort 3*^1*, 37:415-428. 1940. 

4. Jacob, H. E. Girdling vines for table grapes. The Blue Anchor, 16 : No. 6. 

6-7. 1939. 




Periclinal and Total Polyploidy in Cranberries 
Induced by Colchicine 

By Haig Dermen and Henry F. Bain, U. S. Horticultural 
Station, Beltsville, Md. 

S eedlings of cranberry were grown aseptically in test tubes of 
agar. When about lyi inches long and having three to six true 
leaves, the seedlings were removed and wrapped in bundles of 25 each 
in wet absorbent cotton (root-ends covered, stem-ends exposed) 
and the latter rolled to form plugs that would fit loosely in 1-inch 
vials. The bundle of plants was then inverted and placed in the vials 
with the stems submerged in aqueous solutions of colchicine of 0.05, 
0.10, and 0.20 per cent, respectively, for 24 hours. One bundle was 
dipped in a vial containing water as a check. A few months after treat- 
ment all these seedlings were examined by using stoma size as a 
criterion for polyploidy. Polyploidy was rare in the 0.05 per cent 
treated plants. The plants treated with 0.2 per cent solution contained 
more polyploidy than those with 0.1 per cent. Cytological preparations 
were made from growing branch tips by the paraffin method. It was 
clearly revealed that branches that had shortened internodes, slow habit 
of growth, and leaves changed in shape as well as in thickness were 
totally polyploid, while in those that had a normal habit of growth, 
whose leaves looked like those on a normal branch but had large 
stomata, polyploidy was confined to the epidermis. We have observed 
some branches that have a growth and other habits suggesting total 
polyploidy, but stomata of the leaves were normal. No critical cyto- 
logical examinations have been made of such material, but we suspect 
that this might be a case of diploid epidermis and polyploid inner 
tissue. This kind of formation was found in peach material reported in 
this Volume. Such a visual difference in the treated material may 
assist in selecting out types of polyploidy where stoma size is used 
as a method of detecting polyploidy. Six commercial varieties were 
treated by applying drops of glycerine-colchicine solution on the tips 
of growing shoots as described by the senior author in the Botanical 
Review 6 : 599-635, 1940. On five of these varieties (Centennial, Mam- 
moth, McFarlin, Prolific, and Vose's Pride), polyploidy effect was 
discovered by stomatal examination. 
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Further Chromosome Studies of Some Varieties 
of Blackberries 

By H. E. Fischer,^ Geo. M. Darrow, and G. F. Waldo, 

U, S, Horticidtural Station, Beltsville, Md. 

I N THE genus Rubus, the entire raspberry group (Idaeohahts sub- 
genus), except for a few tetraploid varieties of the red raspberry,^ 
has been found by previous workers to be diploid, all species thus far 
examined having possessed 14 chromosomes. Rosanova (7) has re- 
ported that the high mountain form of Riibus idaeiis L. in Siberia is 
tetraploid. On the other hand, the blackberries and dewberries have 
been found to be strikingly variable with regard to chromosome num- 
ber (5, 8). The species studied had chromosome numbers varying 
from 14 to 84, and were in multiples of 7, indicating an extremely 
high degree of polyploidy in the Eubatus sub-genus of the genus 
Rubus. Since the chromosome number of blackberries is so variable 
and species hybridization is of common occurrence, it was considered 
important to determine the chromosome number of commercial varie- 
ties and of selections of the western wild trailing blackberry so that 
these could be used intelligently in the breeding program. Most of the 
material used in tliis study was obtained from the Pacific Coast States 
and was supplied by G. F. Waldo. The chromosome numbers deter- 
mined are summarized in Table I. 

In this study, of chromosome numbers it is noteworthy that five 
selections from the wild blackbeiTies in northwestern California and 
western Oregon and Washington were hexaploid, eight (including 
Ideal) were octoploid, and three were 12-ploid. Darrow and Longley 
(2) reported two native hexaploids, two native octoploids (also the 
variety Ideal), one native decaploid, and four native dodecaploids. 
Crane ( 1 ) has reported obtaining an octoploid from seed sent to him 
from California. 

Rubus species having odd numbers of genoms have been found in 
nature by Longley (5) and Darrow and Longley (2) who have ob- 
served both triploids and pentaploids. Gustafson (3, 4) also reports 
that the European apomictic Euhati veri were triploid, tetraploid and 
pentaploid, whereas the species group, RnU corylifolii, was found to 
have tetraploid, pentaploid, hexaploid, superhexaploid (±: 45) and 
heptaploid species. 

In the x>resent study two recently named varieties, Pacific and Cas- 
cade, have been obtained by crossing one of the dodecaploids with the 
Logan (6n), and were found to be nonaploid. Since these unbalanced 
types were fertile enough to be considered likely commercial varieties, 
it appears that in the higher polyploids the degree of unbalance due to 
the extra sets of chromosomes resulting in gametes with varied chrom- 
osome numbers does not always appreciably affect the fertility. Steril- 

^Temporary appointment. 

“Rosanova (7) has reported some wild autotetraploid forms of Rubus idaeus 
from Siberia. However, we have found the native R, strigosus Mchx. of similar 
type from Mt. Mitchell, North Carolina, to be diploid. Longley and Darrow (6) 
also reported triploid and tetraploid cultivated red raspberries. 
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TABLE I — Chromosome Numbers in Blackberries (Those Listed as 
“Native” From Various Sources Are Selections of the Wild 
Trailing Blackberry of the Pacific Coast, R. Macro- 
pefalus Doug, and Related Species) 



Number of Chromosomes 

Stage at Which 




Chromosome 


Somatic 

Gametic 

Number -was 


Number* 

Number** 

Determined 


1. Early Harvest (R. fioridus Tratt.). 


A, Diploid-Blackberry 

1 - 


2. Oregon No. 157 (Logan XHimalaya) . 


B. Pentaploid 


35 


C. Hexaploid 


3. Boysen 

4. Logan 

6. Native- Areata, Calif 

6. Native-Westport, Calif 

7. Native-Rohnerville, Calif. . . 

8. Native- Agate Beach, Calif.. 

9. (Logan XLucretia) . 


10. (Himalaya XAustin Thornless) . 

11. Native-Starr, Ore 


42 

— 

— 

21 

— 

21 

— 

21 


21 

42 

21 

— 

21 

— 

21 

— 

?21 


D. Depiaploid 

12. Oregon No. 73 (Logan & Austin Thornless)... | 49 

E. Octoploid 

13. Native-Elk Creek, Calif 

14. Native selection-Ware, Wash 

15. Native selection-named Ideal, Ore 

16. Native-Elmer Johnson, Ore. 

17. Native-Point Arena, Calif. 

18. Native-Bodega Bay, Calif 

19. Native-Fort Ross, Calif 

20- Native-Branstetter, Calif 


21. Pacific (Zielinski XLogan) .. . 

22. Cascade (Zielinski XLogan) . 


F. Nonaploid 


63 


31,32 

31,32 


! Met. II 


Met. II 
Dk., Met. II 
Dk., Met. II 
Dk., Met. II 

Met. II 

Met. I. II 


— 

?28 

..... 

?28 

56 

28 

— 

28 

56 


56 

28 

z 

28 


24. 25 I Late proph. II* 


Met. I. II 
Dk., Met. II 
Met.. 11 
Diakinesis 

DiaHnesis 
Met. II 
Ana. II 


1 Telo. II 


G. Dodecaploid 

23. Native selection, Zielinski, Ore 1 84 

24. Native selection-named Cazadero, Ore 84 

25. Native-Hunter, Ore I 84 

♦Mitotic metaphase from root-tip sections. 

♦♦From microsporocyte metaphase I and II. 

Notes. 7. Occasional chromatic elimination. 9, Occasional micronuclei at quartet stage. 10. 
Lagging of tmivalents at anaphase I. 12. Occasional lagging in I and 11 — mostly bivalent 
formation, 14. 1-2 univalents — At Met. II, occasional microcytes. 15. Occasional microcyte. 16. 
Occasional chromosome elimination. 19. Dyads and occasional microcytes. 21. Regular meioses, 
occasional univalents. 



ity in the higher polyploids is usually considered to be due to the 
meiotic irregularities resulting from the pairing of more than two 
chromosomes with consequent irregular chromosome distribution to 
the gametes. However, it is apparent that in the higher polyploids 
where the gametes possess more than one set of chromosomes, the 
addition or loss of one or even more chromosomes would not be likely 
to create a sufficient degree of unbalance in the gametes to result in 
their abortion. 

Another factor which is undoubtedly of great importance as a cause 
of sterility in the higher polyploids (particularly species hybrids) is 
the partial or complete failure of chromosome association between the 
genoms contributed by the parents resulting in considerable meiotic 
irregularities and gametic abortion. 
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TABLE II — Crosses Involving Varieties with Different Chromosome 
Numbers with the Number of Selections from Each 
(Corvallis, Oregon) 


Number of Genoms 

Cross 

Number of 
Selections 

5n (4nX6n) 

Himalaya X Young 

1 

6n (6nX4n) 

Logan XEvergreen 

3 

5n (6nX4n) 

Logan X Himalaya 

1 

6n (8nX4n) 

Id^ XHimalaya 

1 

7n (6nX8n) 

Logan X Ideal 

11 

7n (6nX8n) 

Logan XAustin Thornless 

8 

7n (8nX6n) 

Ideal XYoung 

1 

(6nX9n) 

Logan X123 (Zielinski XLogan) 

1 

(9nX6n) 

(Zielinski XLogan) XLogan 

4 

^(9nX6n) 

(Ziehnski XLogan) XBoysen 

2 

9n (?) (6n X 12n. prob.) 

Logan Xwild 

2 

9n (12nX6n) 

Zielinski XYormg 

8 

9a (12nX6n) 

Zielinski XLogan 

77 

lOn (12n X8n) 

Zielinski XAustin Thornless 

1 


Fertility in a species hybrid would be expected, especially if the 
chromosomes tend to associate in pairs, either the genoms of one 
species pairing with those of the other parent species (allosynapsis — 
AB, A^B^) or the genoms from each parent species pairing separately 
among themselves (autosynapsis — AA^, BB^). This would perhaps 
explain the fact that meiosis in the nonaploids, Pacific and Cascade, 
was found to be remarkably regular, only occasional univalents and 
microcytes being observed. 

In the cooperative breeding work at Corvallis, Oregon, in the eight 
years, 1932-1939, some 124 selections from crosses involving plants 
with different chromosome numbers have been made, as shown in 
Table II. All except two of these selections may be expected to have 
odd chromosome numbers in^ their egg and pollen cells, yet they were 
productive enough to have been selected for further testing. Five 
selections were pentaploid, one hexaploid, 20 heptaploid, seven were 
15n 

87 were nonaploid, and one was decaploid. These data provide 

further evidence that an extra set of chromosomes may be of relatively 
little importance as a contributory factor in producing sterility in 
allopolyploid species hybrids. 

In the breeding of Rubus, a knowledge of chromosome numbers 
and genom relationships is important mainly in facilitating the deter- 
mination of the crosses that would be most likely to succeed when 
the purpose is to combine desirable characters of one variety or species 
with those of other species. Due to chromosome (and genic) dupli- 
cation, inheritance in the higher polyploids is, for the most part, quan- 
titative in character. Therefore, in breeding work, the aim is to intro- 
duce as many genoms carrying the most desired characteristics as 
possible into a hybrid. In species hybrids the ratio of genoms with most 
preferred genes to those with less desirable factors must be considered. 
An unfavorable ratio of desired to undesired genes is likely to affect the 
degree of dominance of the former in the progeny. 
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Production, Berry Size, and Growth of Red Raspberries 
As Influenced by Mulching* 

B}' W. H, Childs, West Virginia Agricultural Experiment 
Station, Adorgantozmi, W, Va. 

R aspberry plantings in West Virginia are often on sites that 
are steep enough to erode considerably when they are cultivated. 
Also the size of the crop is distinctly limited in many years by a defi- 
ciency of water during the picking season. It would be highly desirable 
if some system of soil management could be used which would decrease 
or eliminate soil erosion and conserve moisture at the same time. The 
use of a straw mulch seemed to be the most logical means of meeting 
these requirements. An experiment with red raspberries was laid out, 
therefore, in the spring of 1934 to compare a mulch with clean culti- 
vation plus a cover crop. 

The site selected on the Horticultural Farm at Morgantown com- 
prised approximately J^-acre and sloped gently to the north. The soil 
\vas a Tilsit silty clay loam, w^hich is considered one of the poorer soil 
series in West Virginia. Surface drainage was good, but a mottling of 
the subsoil noted in nearby trenches indicated that internal drainage 
was poor at certain seasons of the year. 

The area was divided into 36 SO-foot plots. Three varieties — 
Latham, Newburgh, and Chief — were distributed at random over the 
area so that there were 12 plots of each variety. While preparing the 
ground in April, 1934, superphosphate and muriate of potash were 
worked into the soil at the rates of 300 pounds and 100 pounds per acre 
respectively. The plants were set 3 feet apart in rows 8 feet apart. 
All plants received a light application of sodium nitrate shortly after 
they were set. Fertilization was uniform throughout the planting for 
the duration of the experiment and consisted of a single application of 
sodium nitrate made in April each year, 200 pounds per acre in 1935, 
and 300 pounds per acre in 1936, 1937, and 1938. This quantity of 
fertilizer was found desirable in a previous experiment on the same 
farm (1). 

During 1934 and 1935 the entire area was cultivated until early 
September, when a rye cover-crop was planted. In 1936 cultivation 
was continued until August, Differential treatments were then begun. 
There was some inequality of stand among the various blocks in 1935 ; 
hence the yields were disregarded. By the spring of 1936, however, a 
full stand was obtained, and the yield records for that year were used 
as a basis for pairing plots for subsequent studies. This method of 
pairing is superior to random pairing without yield records, since it 
decreases the error resulting from inherent soil differences. The total 
yield for the six plots of each variety which were to be mulched was 
very close to that for the plots which were to be cultivated, as shown 
in Table I. Sufficient mulch was applied to the “mulched'" plots in 
August, 1936, to prevent practically all weed growth. This mulch was 

^Published with the ap:^roval of the Director, West Virginia Agriculttiral 
Experiment Station, as Scientific Paper No. 25S, 
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IX 60-foot plots for each treatment for each variety excepting 
>dds calculated on basis of increase over 1936 yields. 
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replenished in April of the succeeding years as necessary to maintain a 
heavy covering. Rye, wheat, and buckwheat straws were used, and the 
entire area between rows was mulched. The cultivated plots were 
treated as before. 

At the same time that this planting was made, a 1/9-acre adjoining 
area was set to Viking red raspberries. Fertilization was the same as 
already described. This entire planting, six 100-foot rows, was mulched 
in the spring of 1935. When differential treatments were begun in 
August, 1936, it was decided to include this variety; therefore the 
mulch was removed from half of the planting, and cultivation was 
begun. There was undoubtedly some loss of roots, since there is a 
tendency for the development of a large number of fibrous roots near 
the soil surface under a mulch, as noted by Havis (4) and Clark (2). 

During 1937 and 1938 records were taken of yields, number of 
berries in 670 grams (approximately 1 quart) for each treatment of 
each variety at each picking, and weight of post-harvest prunings. The 
data on yields and wood production could be analyzed according to 
Student's Method for Latham, Chief, and Newburgh, but not for Vik- 
ing. In the spring of 1938, which was quite wet, parts of several blocks 
of Newburgh were killed by what appeared to be a rootrot; hence 
records of yields for this variety in 1938 were valueless. This trouble 
was so widespread throughout the planting by the spring of 1939 that 
the experiment was discontinued. 

Results and Discussion 

Tables I and II summarize the data obtained in these studies. The 
total yields indicate that the use of a mulch increased production for 
all varieties tested, both in 1937 and 1938, The increases were not as 
great as were obtained by Darrow and Magness (3), but it should be 
noted that yields are high for the cultivated plots, whereas those re- 
ported by Darrow and Magness were quite low. Clark (2) and Havis 
(S) report yield increases of similar magnitude to those obtained by 
the author. It is probable that still greater differences would have 
been obtained in this experiment if both 1937 and 1938 had not been 
*"wet" years. The total precipitation from January 1, 1937 to August 1, 
1938 was almost 12 inches greater than normal, much of this coming 
just before or during the harvest period with 12.40 inches of rainfall 
for May and June, 1937 and 12.50 inches for these same months in 
1938 as contrasted with a normal of 7.94 inches. 

Statistical analysis of the yield records indicates that the increases 
obtained for Newburgh in 1937 and for Latham in 1938 were dis- 
tinctly significant, those for Chief in 1937 were doubtfully significant, 
and those for Latham in 1937 and Chief in 1938 were not significant. 
The relatively light yields for Viking in 1938 were the result of 
considerable winter killing of this variety during the winter of 1937-38. 

Berry size and wood production data indicate that mulching may 
increase yields in two ways. When the mulch was applied in August, 
1936, quite a large portion of the fruiting wood for 1937 had already 
been formed. As a result, although more wood was produced by the 
mulched plots than by the cultivated ones, the increase was not very 
great for 1937 and was not significant for any variety. For the 19^ 



TABLE II— The Effect of Mulch on Yield Distribution of Red Raspberries, Expressed as Per Cent of Total Yield 

Harvested at Each Picking 
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picking season, then, it appears that, since there was not a greatly 
increased production of wood, the individual berries had more mois- 
ture available and were about 10 per cent larger. This increased size 
was at least partially responsible for the increase in yields. 

In 1938, on the other hand, wood production w^as significantly 
greater for the mulched plots than for the cultivated ones, and the 
berries were approximately the same size, being slightly smaller for 
Latham and Viking and slightly larger for Chief when the plants were 
mulched. In this case the increased yields were distinctly associated 
with increased wood production, as shown by the coefficients of cor- 
relation given in Table I. Although actual measurements were not 
made, qualitative observation showed that the increased amount of 
wood in the mulched plots was a result both of a greater number of 
canes and of larger canes. 

According to the data in Table II, the use of a mulch tends to retard 
ripening somewhat, as indicated by the fact that a slightly smaller 
percentage of the total crop was obtained during the early part of the 
liarvest period. This was particularly noticeable in 1938, but was true 
for all varieties in both seasons. The differences in ripening, however, 
were not of sufficient importance to deter anyone from using a mulch, 
since the actual yields were as great for the mulched plots as for the 
cultivated ones after the first two or three small pickings. 

Summary and Conclusions 

The use of a mulch in a red raspberry planting of Latham, Chief, 
Viking, and Newburgh, at Morgantown, West Virginia, was found 
to be superior to cultivation as evaluated either by total yields or by 
wood production. The increased yield was shown to be statistically 
significant in two cases out of five, doubtfully significant in a third, 
and not significant in the other two. Wood production, as measured 
by the weight of post-harvest prunings, was shown to be highly cor- 
related with yield in most instances. An increase in berry size was 
partially responsible for the increased yield of the mulched plots in 
1937 but not in 1938. Mulching was found to delay ripening slightly, 
but not to such an extent as to influence a grower against using this 
method of soil management. 

Where the cost of mulching materials is not excessive, the use of a 
mulch instead of cultivation in a red raspberry planting may be found 
profitable under conditions similar to those of this experiment. This 
is likely to be especially true where the planting is located on a site 
that is subject to erosion, or where moisture conservation is important. 
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picking season, then, it appears that, since there was not a greatly 
increased production of wood, the individual berries had more mois- 
ture available and were about 10 per cent larger. This increased size 
was at least partially responsible for the increase in yields. 

In 1938, on the other hand, wood production was significantly 
greater for the mulched plots than for the cultivated ones, and the 
berries were approximately the same size, being slightly smaller for 
Latham and Viking and slightly larger for Chief when the plants were 
mulched. In this case the increased yields were distinctly associated 
with increased wood production, as shown by the coefficients of cor- 
relation given in Table 1. Although actual measurements were not 
made, qualitative observation showed that the increased amount of 
wood in the mulched plots was a result both of a greater number of 
canes and of larger canes. 

According to the data in Table II, the use of a mulch tends to retard 
ripening somewhat, as indicated by the fact that a slightly smaller 
percentage of the total crop was obtained during the early part of the 
harvest period. This was particularly noticeable in 1938, but was true 
for all varieties in both seasons. The differences in ripening, however, 
were not of sufficient importance to deter anyone from using a mulch, 
since the actual yields were as great for the mulched plots as for the 
cultivated ones after the first two or three small pickings. 

Summary and Conclusions 

The use of a mulch in a red raspberry planting of Latham, Chief, 
Viking, and Newburgh, at Morgantown, West Virginia, was found 
to be superior to cultivation as evaluated either by total yields or by 
wood production. The increased yield was shown to be statistically 
significant in two cases out of five, doubtfully significant in a third, 
and not significant in the other two. Wood production, as measured 
by the weight of post-harvest prunings, was shown to be highly cor- 
related with yield in most instances. An increase in berry size was 
pai'tially responsible for the increased yield of the mulched plots in 
1937 but not in 1938. Mulching was found to delay ripening slightly, 
])ut not to such an extent as to influence a grower against using this 
method of soil management. 

Where the cost of mulching materials is not excessive, the use of a 
mulch instead of cultivation in a red raspberry planting may be found 
profitable under conditions similar to those of this experiment. This 
is likely to be especially true where the planting is located on a site 
that is subject to erosion, or where moisture conservation is important. 
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The Rocky Mountain Strawberry as a 
Source of Hardiness 

By A. C. Hildreth and LeRoy Powers, Horticultural Field Station, 

Cheyenne^ Wyo, 

T he Central Great Plains and the high valleys and plateaus of the 
adjacent Rockv Mountain region present difficult conditions for 
strawberry growing. Winters are dry and windy, and temperatures of 
minus 30 "to 40 degrees F may occur with little or no snow cover to 
protect plants. Moreover, in the prevailing alkaline soils many varieties 
develop chlorosis which seems further to decrease their cold resistance. 
No commercial variety is reliably hardy in this region. 

Since 1932, the Horticultural Field Station at Cheyenne, Wyoming 
has been making collections of native Rocky Mountain strawberries as 
a possible source of hardiness. Their true value was not realized until 
the severe winter of 1935-36 when collected native plants were un- 
damaged while all of the 150-odd commercial varieties in our trials 
were killed or badly injured. These native strawberries occur in can- 
yons and on slopes of the foothills and the mountains up to about 
12.000 feet elevation. In winter these sites are mostly covered with 
snow several feet in depth. Strangely enough, with such protection, the 
extreme hardiness to cold which these wild strawberries possess would 
seem to be quite unnecessary for survival in their native environment. 

In 1936 systematic collections of Rocky Mountain strawberries were 
begun in order to assemble the various types for study and for selection 
as parental material. In all, about 42,000 plants have now been collected 
representing more than 1,100 localities in Wyoming, Colorado, Mon- 
tana, New Mexico, and Utah. These collections are now under culti- 
vation in our trial plots at Cheyenne. None of these native selections 
is suitable for commercial culture chiefly because of the small fruits. 
Although the berries are generally of high quality, the frequently ex- 
pressed opinion that all wdld strawberries are of good flavor is de- 
cidedly not true. As grown in our trial plots, these native plants show 
extreme variations in horticultural characters, differing in size, shape, 
color, and quality of fruit and in season of maturity, fruiting habit, 
prolificacy, tendency to produce runners, resistance to disease, and 
tolerance of soil alkalinity. Some are distinctly everbearing while others 
are June bearers. Some show considerable drought resistance and all 
thus far liave proved winter hardy without protection at Cheyenne, 
Wyoming. 

While the taxonomy of these native strawberries still appears to be 
somewhat confused, those in our collection seem to be generally of 
the type Fragaria cmieifolia Nutt. A few collections are obviously 
F. vesca L. which, in general, seems less promising horticulturally than 
F. cuneifolia, and has therefore not been used in our breeding work. 

During the winter of 1937-38 three commercial varieties, Gem, 
Dorsett, and Fairfax, were crossed with three different collections of 
the native strawberry, Fragaria cuneifolia. Observations on the char- 
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acteristics of these Fi plants and comparisons of these with commercial 
varieties and with their native parents may be of interest to strawberry 
breeders. 

In general the Fi plants were considerably superior to Gem, Dorsett, 
and Fairfax in their ability to survive the winters of 1938-39 and 
1939-40 in the breeding plots at the Cheyenne Horticultural Field 
Station. Over 60 per cent of the Dorsett and Fairfax plants and ap- 
proximately 30 per cent of the plants of Gem were winter killed; 
whereas there was no appreciable winter killing among the plants of 
the Fi generation nor among the native plants. In most cases where 
plants of the commercial varieties did survive the winter, the crowns 
were badly injured. Such injury was not discernible in either the Fi 
plants or the native plants. 

As regards the ability to produce runners, the Fi plants and the 
native selections used as parents are greatly superior to the three com- 
mercial varieties. However, there is considerable variation in respect to 
this character among the Fi plants. A few of the Fi plants produce no 
more runner plants than the commercial varieties. On the whole, how- 
ever, the Fi plants fall somewhere between the native plants and the 
commercial varieties in tendency to fonn runners. 

The comparison of the fruits of the Fi plants with the parental 
varieties is particularly interesting. The Fi plants show a great range 
in fruit size. Some have berries rather closely approaching the size of 
Fairfax; whereas other plants of this generation produce berries as 
small as the smaller fruits of the native parent. In the majority of 
cases, however, fruits of the Fi plants were somewhat larger than 
those of the native collections, but were considerably smaller than those 
of the commercial varieties. The greatest diversity between Fi crosses 
involving Gem, Dorsett, and Fairfax was found in flavor and sweet- 
ness. The crosses involving Fairfax and Dorsett were decidedly su- 
perior to those crosses involving Gem. In fact, among the Gem 
crosses no plants were found having fruits that could be classified 
as high in quality. On an average the fruits from Fairfax crosses were 
somewhat superior in sweetness and flavor to the fruits from Fi plants 
in which Dorsett was a parent. A number of the Fi plants having 
either Fairfax or Dorsett as one parent produced fruits that were 
decidedly superior in sweetness and flavor to fruits of either of these 
varieties. One plant from the Fi generation of native x Fairfax pro- 
duced fruits which in addition to being sweet and having good flavor 
w^ere very highly aromatic. 

Attention should be called to the variation between Fi plants as 
regards prolificacy, time of flowering and maturing of fruit. On the 
whole, the Fi plants of none of the crosses were outstanding as regards 
the number of fruits produced per plant. Nevertheless, a few excep- 
tional Fi plants were found to be more prolific than Gem, which at 
the Cheyenne Horticultural Field Station is more prolific than either 
Dorsett or Fairfax. In season of flowering and fruiting, it was found 
that the Fi plants in general were not earlier than the parents, but in 
a few cases Fi plants bloomed and ripened fruits earlier than either the 
native or commercial parents. Fi plants with both June-bearing and 
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everbearing habit were obtained from the crosses involving Dorsett 
and Fairfax as well as from the crosses involving Gem, 

The Fi generation plants exhibited considerable variation as to 
shape and color of fruit ; position of fruits on the plants ; type of flower 
cluster; shape, size, and abundance of leaves; and habit of plant 
growth. The shape of fruit varied from oblate to decidedly elongated. 
Plants having fruits constricted at the calyx end were rather common. 
The fruits on different Fi plants varied in color from deep red to very 
pale red or what even might be classified as light pink. The position of 
the fruits on the plant varied from close to the crown, with fruits well 
covered by leaves, to the ends of long flower stalks well above the 
foliage. 

The Fi hybrids set seed readily when self-pollinated, back-crossed 
to either parent, or crossed with other Fi hybrids. The seeds germi- 
nated and in most cases produced vigorous plants. With the great 
diversity of characters, it should be possible, from the segregates of 
these crosses between the cultivated strawberry and the wild Rocky 
ilountain types, to select varieties adapted to withstand the severe 
winters and other climatic conditions of the Rocky Mountain and 
Central Great Plains Regions of the United States. Also, the oppor- 
tunity should not be overlooked for improving the cultivated straw- 
berries in earliness, ability to runner, prolificacy, and sweetness, flavor, 
and aroma of fruit by using Fragaria cmeijolia in crosses. 



The Pattern of Strawberry Root Development Under 
the Matted and Thinned Row 

By A. L. Schrader, University of Maryland, College Park, Md. 

I N CONNECTION with growth and fruiting studies of the Blake- 
more strawberry, previously reported (2), in which thinned rows 
with the runner plants spaced 7 and 11 inches apart were shown to 
be highly superior in fruitfulness to the usual matted row of similar 
width, some effort was made to determine the root distribution and 
concentration under the two systems of culture. It was hoped that such 
a study might add to our knowledge of the rooting of strawberries and 
to aid in the interpretation of differences in growth and fruiting under 
thinned and matted rows. In order to make such determinations on a 
quantitative basis, it w’as necessary to devise a means of root removal 
from definite soil zones. This was accomplished by taking as units of 
study 3-inch cubes of soil, removed in the following manner from the 
soil zones: First, an area was marked off accurately to include 24 
inches of the width of the row and 18 inches in the direction of the row. 
The plants in this area were counted and each plant was located as to 
position in this area (Fig. 1). After removal of the tops, the bare soil 
was marked off in 3-inch squares in checkerboard style, and likewise, 
a perpendicular face of this soil block, exposed with, a spade by digging 
12 inches deep and 24 inches wide, was also marked off in 3-inch 
squares. Following the marked lines, it was possible to cut into the 
soil block with a heavy 16-inch meat knife and remove 3-inch cubes 
of soil in a systematic manner as shown in Fig. 1. The Sassafras sandy 
loam in which these plots were located was especially well adapted to 
tliis method, and is a soil commonly used for strawberry production 
in Maryland. 

For the removal of roots from the soil cubes, it was found that by 
breaking up the soil cube and screening carefully through a 16-mesh 
screen, the roots could be separated almost entirely from the soil. It 
was found highly undesirable to allow roots and soil to dry before 
screening, as the fine roots break into many little pieces that pass 
through the screen. The fresh roots were strong enough to hold to- 
gether with very little loss in the screening process. After thorough 
drying, the small amount of soil left with the roots after screening 
was easily separated from the roots with a small brush. 

Each block of soil 18 by 24 by 12 inches contained 292 of the 3-inch 
cubes and nine such blocks of soil were taken at each of three sampling 
dates. On September 5, 1935, in the fall of the first season, the first 
sampling consisted of three blocks of soil under the matted row, three 
blocks under the 7-inch spacing and three blocks under the 11-inch 
spacing. Similar sets of samples were taken from the same rows of 
these treatments on April 7, 1936, a month before fruiting and on 
June 10-11, 1936, after fruiting. Dry weights were obtained of the 
roots in each individual 3-mch cube. 
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MATTED ROW 7-lNCH SPACING ll-INCH SPACING 




SOIL LAYERS 3 TO 6 INCHES 



SOIL LAYERS 6 TO 



INCHES 





SOIL LAYERS 9 TO iZ INCHES 

•=ONE DOT represents ZO MOMS. DRY WT. OF ROOTS X=MOTHER PLANT 


Fig. I. Diagram of root distribution and amount of roots in 3“iiich layers of 
soil to a depth of 12 inches under matted row and spaced plants of straw- 
berries, as determined on Septeniber 10, 1935, in the first season, following 
spring planting. 


Results 

In order to diagram the blocks of soil and to show distribution of 
roots within siicli blocks, Figs. 1 and 2 were prepared by using the 
data from one typical block from each of the sampling dates of Sep- 
tember, 1935, and April, 1936. Each block of soil is represented by 
four layers, namely, 0 to 3 inches, 3 to 6 inches, 6 to 9 Inches, and 
9 to 12 inches of the soil depth. These figures show several interesting 
points, prst, a great increase in root development occurred during the 
fall, winter, and early spring months between September 10, 1935, 
and April 7, 1936. Also, it can be noted that more roots developed 
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Fig, 2. Diagram of root distribution and amount of roots on April 5, 1936, . 
under similar matted rows and spaced plants, shown in Fig. 1. These sam- 
ples were taken about 1 month before fruiting. 

during this period in the lower layers of soil under the spaced plants 
than under the matted row plants. A large part of this root develop- 
ment occurred in the fall months, as shown by other studies (3) near 
these plots. This difference may partially account for the greater 
drouth resistance of thinned rows, as previously reported in this 
experiment (2), 

The largest concentration of roots occurs in the upper 0- to 3-inch 
layer of soil and is more concentrated in the regions of greatest plant 
population in the matted row, as well as in the immediate fegion of 
the spaced plant. This pattern follows into the lower layers of soil as 
well. It is surprising to note that the 11 -inch spacing of plants failed 
to utilize the entire 0- to 3-inch soil zone for root development. The 
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TABLE I — Dry Weight of Strawberry Roots Under Matted Row and 
Spaced Rows (Each Weight Figure Represents the Total Grams 
of Roots in a Soil Layer 18 by 24 Inches) 


Depth of Soil 
(Inches) 

j 

"Weight of Roots (Grains) 

Per Cent of Roots 

Matted I 

Row 

7 Inch 
spacing 

11 Inch 
Spacing 

Matted 

Row 

7 Inch 
Spacing 

11 Inch 
Spacing 



Sepiember lO, igjj 




0 to 3 

116.0 

1 59.2 

81.0 

48.0 

60.0 

36.6 

3 to 6 

69.4 

28.1 

79,6 

28.5 

26.0 

35.9 

6 to 9 

42.1 

8.6 

53.7 

17.5 

8.0 1 

24.3 

9 to 12 

15.1 

5.7 

7.1 

6.0 1 

5.0 1 

3.2 



April T 7, 1936 




0to3 ; 

433.4 

250.3 

178.1 

1 59.5 

i 42.1 

1 42.3 

3 to 6 

186.9 

186.5 

137.6 

25.5 

31.4 

31.0 

6 to 9 1 

87.4 

91.7 

77.5 

! 11.9 

15.4 

17.4 

9 to 12 

23.1 

67.3 

40.8 

‘ 3.1 

' 11.1 

9.3 


much heavier development of roots under the matted row is felt to be 
a big factor in more rapid utilization of available soil moisture, which, 
in turn, would adversely affect fruit size, at least in certain seasons. 

The pattern of root development in June 1936, following the harvest 
is not presented but is similar to the April pattern except for the 
development of more roots. 

A summation of the root weights in the four soil zones of the entire 
spiplings is given in Table I. These results on the matted rows are 
similar to those reported by Ball and Mann ( 1 ) . However, few roots 
were found below* 12 inches in depth. With the thinned or spaced rows, 
again the data show a greater percentage of roots in the low ;r soil 
layers under the spaced plants than under the matted row plants. 

Conclusion 

Dry weights of roots, obtained from 3-inch cubes of soil throughout 
four soil layers to a depth of 12 inches, showed that matted rows of 
Blakemore strawberries developed more roots, especially in the upper 
soil layers than spaced plants, and spaced plants 7 inches and 11 
inches apart did not fill the entire soil zone between plants, but did 
develop a greater percentage of roots in the lower soil layers than did 
matted row plants. The greater root development of matted row plants 
before-fruiting may be at least partially responsible for the smaller fruit 
size under the crowded matted row that Blakemore develops, com- 
pared to the larger fruit size from thinned rows. 
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Relationship of Width of Thinned Row to Productive- 
ness and Quality in the Blakemore Strawberry^ 

By Julian C. Crane and 1. C. Haut, University of Maryland, 
College Park, Md. 

T hinning (spacing) of strawberry plants has been recently intro- 
duced to strawberry growers as a means of improving size and 
quality, as well as yield of berries, especially with those varieties which 
are prolific plant producers. This paper presents the results of studies 
started in the spring of 1939, to determine the most desirable width 
of row to attain highest yield, size, and quality of the fruit, with the 
Blakemore variety when thinned to a distance of 4 to 6 inches between 
plants. An application of a 3-12-6 fertilizer was made at the rate of 
350 pounds per acre 1 week previous to planting and no additional 
fertilizer was applied. In all plots, the mother plants were set 18 inches 
apart in a single row on a well drained Sassafras sandy loam soil on 
April 10, at College Park, Maryland. 

The thinning treatment was maintained on three rows each of 10- 
inch, 20-inch, 30-inch, and 40-inch widths with five plot replications 
of each treatment making a total of 15 rows for each width. A 10-inch 
aisle separated rows within treatments and also between rows of 
different treatments within the plots. Thinning of daughter plants w^as 
accomplished by a procedure which, it was thought, approached one 
of several commercially feasible methods using machine power. Run- 
ners were allowed to root during July and August. About the middle 
of September the beds were raked cross-wise of the rows and the 
excess runners were pulled into the space between the rows. A circular 
edger was then used to cut these runners back to the desired width of 
row. Following this procedure, the row^s were inspected and occasion- 
ally additional plants were removed by hand in order that the desired 
density of stand remained. 

Cultivating operations, like those commercially practiced, were the 
same for all the rows throughout the season, and weeding was done 
by hand when necessary. About the middle of November, a 6-inch 
layer of rye straw mulch was applied to the plots and the following 
spring it was raked into the aisles and amounts in excess were re- 
moved. After growth had started, the plants in each row were counted 
to determine the stand of plants in the row. A rainfall of 1.93 inches 
fell on May 20, 1 week before harvest, and a inch on May 30. 
From then on no more rain fell during harvest. Toward the latter part 
of the picking season the plants showed evidence of moisture deficiency 
as indicated by wilting and browning of the leaves. 

Harvesting began May 27, pickings being made approximately every 
2 days until June 17 when the season ended. As soon as the berries 
were picked they were taken to the field house where they were graded 
into tJ. S. No. Ts and culls, weighed, and then counted. The weights 
of the berries were converted to quarts by taking the mean weights 

^Scientific Contribution No. 531, Department of Horticulture, Maryland Agri- 
cultural Experiment Station. 
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throughout the season of several quart baskets and fractionating this 
factor when it was necessary to convert fractions of quarts. 

Results and Discussion 

The data are presented in Table 1. On the basis of yield alone, a 
decrease in width of row resulted in increased yields per acre. The 
10-inch rows produced significantly higher total yields as well as U. S. 
No. 1 berries, than either the 20-inch, 30-inch, or 40-inch rows. The 


TABLE I — Relationship of Width of Thinned Row to Acre Yields of 
THE BlAKEMORE STRAWBERRY, 1940 (SpACE BETWEEN RoWS 10 InCHES) 


Width of 
Thinned 
Row 
(Inches) 

i 

Total Yield 
Per Acre 
(Quarts) 

Yield Per 
Acre U.S. 1 
(Quarts) 

Per Cent 
U.S. I’s 
of Total 
Yield 

Per Cent 
Yield De- 
crease From 
10-Inch 
Row 

No. U.S. 1 
Berries 

Per Quart 

Average 

Distance 

Between 

Plants 

(Inches) 

10 

15,635 

12,169 

77 



98 

4.3 

20 

13,997 

10.571 

75 

13 

103 

5.2 

30 

12,148 

9,243 

76 

24 

103 

6.6 

40 

10,632 

8,163 

76 

33 

101 

6.2 


Difference necessary for significance: 
1 per cent level 1,476 1,392. 

5 per cent level 1,107 1,044. 


percentage of U. S. No. 1 berries of the total yield was not modified 
to any great extent by differences in width of row except that the 
10-inch rows produced about 1.5 per cent more U. S. No. 1 berries 
than did the other width rows. However, as the width of row increased, 
a progressive decrease in yield per acre resulted as shown by a de- 
crease of 13 per cent for the 20-inch rows, 24 per cent for the 30-inch 
rows, and 33 per cent for the 40-incli rows. The difference in yields 
between each successive treatment was found, by analysis of variance, 
to be highly significant. 

Upon the determination of stand of plants, it was found that, with 
the method employed, unequal spacing of plants resulted ; the average 
distance between plants being 4.3 inches on the 10-inch rows and 
progressively increasing up to 6.2 inches on the 40-inch rows. This 
variation in distance among plants was due, primarily, to the difficulty 
in getting a sufficient density of runners to the outer limits of the 
wider rows. However, the results of all previous spacing work indicate 
that little, if any, difference in unit yields can be expected between 
distances of 4 and 6 inches. Moreover, this difficulty would attend any 
method of plant thinning by field implements (i.e., for example, a hay 
rake ured in combination with a modified disk harrow) ; hence, remains 
a consideration in determining the most desirable width of row to 
maintain under commercial conditions. 

Although the plants in the 10-inch rows were closer together they 
outj'ielded, on a plant basis, the plants in the wider rows which had 
a greater distance between plants. This can be explained by the fact 
that the narrow rows are, very largely, composed of the earliest formed 
and established runner plants, whereas the wider rows contain an 
increasingly larger percentage of late formed runner plants having a 
much decreased fruiting capacity as established by several workers. 
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Also, the percentage of total plants receiving the benefits of the border 
effect, as regards additional moisture and nutrients, becomes increas- 
ingly smaller as the width of row increases. 

In conclusion, the data obtained in this study suggest that with 
varieties, such as Blakemore, which produce excessive runner plants, 
greater yields from a thinning practice can be obtained when the width 
of row is kept sufficiently narrow to insure a high proportion of early 
formed runner plants. Such is the case, it is believed, with a 10-inch 
width row, where the width of row to be maintained is formed early 
in the season from early formed runner plants, thereby obtaining a 
much higher percentage of plants with a high fruiting capacity. 

Present tools employed in the vegetable industry for narrow row 
crops can be adapted to strawberry culture to satisfactorily handle a 
narrower distance between rows. 



The Rooting Response of Various Species of Rubiis 
to Conventional Methods of Propagation 

By Lloyd E. Joley and A. W. Close, U* S. Department 
of Agriculture, Glenn Dale, Md. 

A side from that pertaining to horticultural species commonly grown 
. for their fruits, little collected information is available on the 
propagation of Rubus, Recent tendencies in breeding have aroused 
interest in species not in cultivation, and emphasized need of infor- 
mation concerning their propagation. Propagators frequently receive 
material in condition unsuited to conventional methods, so they, as 
well as pathologists, must frequently use special techniques. For this 
reason it lias seemed worth while to place on record the experience 
obtained with the rather large number of Rubus introductions received 
and grown by the Division of Plant Exploration and Introduction at 
Glenn Dale, Maryland. In view of the confused condition of taxonomy 
of Rubus, identification of some items reported here is only provision- 
al : for this reason the Plant Introduction number is published with 
the species name. 

Most of the material covered in this report has been grown both 
out-of-doors and under glass. Observations began in 1937 with record- 
ing of cases of suckering and of tip-layering. In subsequent years 
quantitative data have been kept on results with propagation in the 
greenhouse, almost invariably in lots of 20 to 25 cuttings and usually 
with several repetitions. Propagations with leaf-buds and stem cuttings 
were made largely during the months of July to November inclusive, 
using material ranging in maturity from herbaceous to semi-hardwood. 
Root pieces obtained around November 1 from field grown plants 
constituted the single trial with root cuttings. Since season and con- 
dition of plant exercise much influence on results, the data are com- 
pared here mostly on the basis of the best results secured in any single 
trial, rather than on averages, which would be meaningless unless the 
work were done on a scale not practicable in this case. As reported in 
Table I, ''good'’ generally signified 65 to 100 per cent rooting ; "fair” 
33 to 64 per cent; "poor” 1 to 32 per cent. 

Propagation by herbaceous and semi-hardwood stem cuttings, which 
is conventional with many plants, is not common in practical propa- 
gation of Rubus, though its feasibility with this genus has been noted 
on several occasions, Carriere (1) Fuller, (2) Mottet, (3). Where 
tip-layering or root cuttings give good results, this method is obviously 
unimportant commercially. For establishing disease-free foundation 
stocks, grown in a protected space, however, it may be very useful. 
As indicated by the data in Table I, this method of propagation offers 
little difficulty ; the range in ripeness of material that produces roots 
is indicated by the fact that several cuttings can generally be used from 
a single axis. Green tips from material ^own under glass may be used ; 
green tips from outdoor grown material have given poor results, but 
riper tips from outdoors have frequently given good results. Practically 
all of the stem cuttings supplying the data used here have been rooted 
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TABLE I — Tests of Propagation Methods With a Number of Rubus 
Species Presented in Terms of Best RESPONSEf 





Propagate by 

P.I. No. 

Species 

Source 

j Cuttings 

ing 




Stem 

Leaf 

Bud 

1 

Root 1 


99705 

A: Raspberry and Rc 
R. lasiostylus Focke 

ispberry-Like 

Roumania 

Gt 

G 


G 

101459 

R. crataegifolius Bge 

U.S.S.R. 

0 

P 

G 

O 

113695 

R. crataegifolius Bge 

U.S.S.R. 

0 

— 

— 

O 

104862 

R. fraxinifolius Poir 

England 

F 

P 

G 

O 

111079 

R. ellipticus J. E. Sm 

India 

P 

P 

— 

O 

115011 

R. ellipticus J- E. Sm 

Ceylon 

G 

P 

P 

P 

112041 

R. glaucus Benth 

Java 

G 

G 

— 

G 

113696 

R. idaeus L 

Manchuria 

0 

0 

P* 

0 

113811 

R. ampelinus Focke 

China 

G 

G 

0 

G 

114789 

R. ampelinus Focke 

China 

G 

F 

0 

G 

113812 

R, Buergeri Miq 

China 

G 

— 

— 

G 

116149 

R. Buergeri Miq 

China 

G 

G 

— 

G 

113816 

R. Lamheriianus Set 

China 

G 

G 

0 

G 

116150 

R. Lamberiianus Ser 

China 

G 

G 

0 

G 

113817 

R. ntesogaetis Focke 

China 

P 

0 

— 

0 

1 14792 

R. mesogaeus Focke 

China 

0 

0 

F 

P 

113821 

R. tephrodes Hance 

China 

G 

G 

0 

G 

116151 

R. tephrodes Hance 

China 

G 

G 

P 

G 

114310 

R. parviflortis Nutt 

Mexico 

P 

0* 

G 

0 

114793 

R. setchuenensis Bur. & Pr 

China 

G 

G 

0 

G 

115008 

R, sp. aff. R. niveus Thunb 

India 

G 

G 

0 

G 

115012 

R. sp. aff. R. niveus Thunb 

Ceylon 

G 

G 

P 

G 

118077 

R. sp. aff. R. niveus Thunb 

India 

P 

G 

G 

G 

122202 

R. sp. aff. R. niveus Thunb 

India 

G 

G 

— 

G 

117511 

R. phoenicolasius Maxim. 

R. biflorus Buch.-Ham 

China 

P 

1 P 

! G 

G 

136135 

England 

G 

G 

! — 

G 

136137 

R. fiagelUflorits Focke 

England 

P 

P 

i — 

— 

136138 

R. Cockburnianus Hemsl 

England 

P 

G 

[ — 

— 

136140 

R. leucodermis Torr. & Gray 

England 

G ' 

G 

j — 

G 

137503 

R. Henryi Hemsl. & 0. Ktze ! 

England 

F 

G 

1 — 

— 

105162 

B: Blackberry am 

R. Linkianiis Ser 

1 Dewberry 

Sweden 

G 

G 

G 

G 

113865 

R. Linkianus Ser 

U.S.S.R. 

F 

G 

F 

G 

113818 

R. sp. aff. R. Linkianus Ser 

China 

P 

G 

G 

P 

113855 

R. ulmifolius Schott 

U.S.S.R. 

P 

P 

— 

G 

118080 

R. ulmifolius Schott 

India 

P 

G 

G 

G 

113856 

R. caesius L 

U.S.S.R. 

G 

P 

G 

G 

113858 

R. caesitis L 

U.S.S.R. 

G 

G 

G 

G 

113861 

R. caucasiciis Focke 

U.S.S.R. 

G 

G 

P 

G 

131862 

R. affijiis Weihe & Nees 

England 

P 

G 

— 

G 

131863 

R. fiicatus Weihe 8c Nees 

England 

P 

— 

— 

G 

131864 

R. cissburiensis W. Bart & Riddelsd.... 

England 

G 

P 

— . 

G 

131865 

R. hirlus Waldst. & Elit 

England 

G 

P 

— 

G 

131866 

R. infestus Weihe 

England 

G 

F 

— 

— 

131867 

R. nitidioides W- Wats. var. 

“Merton’s Early” 

R. rhombifolius Weihe 

England 

G 







131868 

England 

G 

— 

— 

— 

131869 

R. rosaceus Weihe & Nees 

England 

G 

— 

— 

— 

131871 

R. Schlechtendahlii Weihe 

England 

F 

G 

•— 

0 

131872 

R. ihyrsiflorus Weihe & Nees 

England 

G 

G 

— 

— 

131873 

R. ihyrsiger Banning & Focke 

England 

G 

G 

— 

— 

136148 

R. thyrsoideus Wimm 

England 

G 

G 

— 

— 


trial. ^ ^ 

tG=good, 65 to 100 per cent rooting; F -fair, 33 to 64 per cent; P = poor, 1 to 32 per cent; 
O =s=none; — no observation. 


in closed cases, with very little watering; a few tests in open benches 
with cheese-cloth covering over the cuttings have yielded promising 
results. 

Of the raspberry species listed, only Rtihus crataegifolius Bge., 
R, fraxinifoUus Poir., R- idaeusl^,, i?. mesogaens Focke, and R. parm-' 
florus Nutt, have multiplied by suckers and these are the species that 
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TABLE IT— The Nui^iber of Rubus Species Rooting by Various Methods 
Arranged in Relationship to Their Freedom of Rooting 
BY Leaf-bud Cuttings 


} Stem Cuttings 

Tip Laj'ers 

Root Cuttings 


Suckers 


Cuttings j i i 1 i 

G ! F ! P i 0 ^ 

1 i 1 I 1 

G 

P 

P 

0 1 

G 

P 

P 

0 

G 

F 

P 

0 


Raspberry Types 


Good 

10 i 2 1 — 1 — 


— 

— 

— 

— 

*2 

3 

— 

— 


4 

Fair 

1 1 — — ! — 

9 j — 

1 

— 

— 

1 

— 

— 

— 

— 

— 

— 

Poor i 



— 

2 

4 

— 

— 

— 

2 

— 

— 

1 

None j 

1 - ! - ! 1 1 

1 j — 

— 

3 

1 

1 

1 

— 

2 

1 

— 

— 


Blackberry Types 



. . .1 6 

5 





7 


1 



4 

1 

1 

— 

2 

— 





Fair, . . .. . 

Poor 

None 


i 

1 

— 

2 

2 





1 


— 

— 






— 


have been the most difficult to propagate by leaf-bud or stem cuttings, 
or by tip rooting. On the other hand most of the species which tip 
rooted easily have propagated readily by leaf-bud and stem cuttings. 
This comparison suggests that those raspberry species which propagate 
by suckers propagate poorly, if at all, from the canes. This is best 
shown by Table II, which presents the relationships of the results 
secured by the different propagating methods. The data presented here 
give added confirmation to an observation by Thomas (4) that those 
species which tip layer also propagate readily by leaf-bud cuttings, 
but in addition they suggest that this generalization likewise includes 
stem cuttings. Whether this entire relationship holds for the black- 
lierries cannot be stated since only R. caucasictis Focke and R. sp, aff. 
R, Linkianus Ser. have produced suckers. 

From the propagator’s standpoint, Rubus Buergeri Miq. an her- 
baceous fonn with a slender, trailing, vine-like cane is especially 
interesting because it roots so freely wherever its canes touch the 
ground and because cuttings from all parts of its cane produce roots. 
The form identified as R, phoenicolasius Maxim, though rooting poorly 
from leaf-bud and stem cuttings, roots very freely at the tips and also 
occasionally at the nodes. 

Only limited trials have been made with a few root-inducing sub- 
stances. In most cases, stimulation has been greatest on those species 
that root without treatment. Applied as a dust in talc to a few cuttings 
of a large number of species, indole butyric acid apparently increased 
rooting in a few cases but had a retarding effect with definite injury 
in others. In other trials a 1-1000 dust of three parts naphthalene acetic 
acid plus one part each of thiorurea and nicotinic acid gave increased 
rooting on one species but had no effect on another. 

Many of the species reported here were introduced as seed. Of these 
original introductions the following gave excellent germination without 
acid or stratification treatments: Rubus ellipticus J.E. Sm., j?. Lam- 
bertianus Ser., i?, mesogaeus, R. sp. aff. R. niveus Thunb. and R. 
tephrodes Hance. Under similar conditions R. parviflorus germinated 
poorly while R. setchuenensis Bur. and Fr. and R. phoenicolasius gave 
fair germination, although results with the latter were measurably 
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better with stratification for three months. In addition good germi- 
nation of R. caesius L., R. caucasicus and R. crataegijolius seeds was 
obtained after stratification for 42 days while R. sp, aff. R. Linkianus 
seeds were slow and irregular in genninating. 

The names applied to the species used in the present study are those 
under which the species are carried in the inventory of the Division 
of Plant Exploration and Introduction. 
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The Effect of Time of Mulching on the Cold 
Resistance of Strawberry Plants' ^ 

By W. G. Brierley and R. H. Landon, University of Minnesota, 
St Paul, Minn, 

W ITHIN the past few years Minnesota strawberry growers in 
accord with recent recommendations, have changed from the old 
practice of late mulching to the practice of applying the winter mulch 
earlier in the fall. They have hoped thereby to avoid the low tempera- 
ture injury that so commonly accompanied the old practice of mulch- 
ing after the soil had frozen. In this attempt to escape injury they fre- 
quently have mulched their fields even before the plants have been 
exposed to frost. Growers who have practiced this very early mulch- 
ing have reported more severe losses than occurred under the old 
practice of late mulching. As a result of these losses, they have ex- 
pressed some doubt as to the value of early mulching. 

When attempting to determine the cause of these losses, one is led 
to believe that the practice of early mulching may be, in part at least, 
responsible for the failure of strawberry plants in the field to develo]) 
the maximum degree of hardiness. It has been shown by Angelo ( 1 ) 
and Steele, AValdo, and Brown (2) that the strawberry plant has the 
ability to harden, i,c, endure greater cold than otherwise, if exposed to 
temperatures near or slightly below freezing before being subjected 
to the minimum temperature that this species of plant can withstand. 
These workers also have shown that cold resistance in strawberry 
plants is acquired in light but not in darkness, that a greater degree 
of hardiness develops in dry soil, and that hardiness is gained by ex- 
posure to temperatures that range from slightly above to slightly be- 
low^ freezing. For these reasons it may be suspected that early mulch- 
ing tends to prevent the development of cold resistance since it darkens 
the plants, conserves soil moisture, and protects against the tempera- 
tures necessary for hardening. 

In the fall of 1939 an investigation was undertaken at the Universi- 
ty Farm, St. Paul, Minnesota, for the purpose of determining the 
effect of time of mulching on the cold resistance of strawberry plants. 
Plants of the Beaver variety were dug late in September and potted 
in medium loam soil in 5-inch pots after selection for uniformity in 
size and condition. The pots were then placed in open frames where 
they were exposed to outdoor conditions. Watering was limited to 
the amount needed to keep the soil from drying out. At the beginning 
of the mulching treatments the plants were divided into six lots, none 
of which contained less than 100 pots. Mulching was done by cover- 
ing the plants with 3 inches of straw. Beginning October 7 one lot 
was covered each week until all had been mulched. The occurrence 


^Paper No. 1874 of the Scientific Journal Series of the Minnesota Agricul- 
tural Experiment Station. 

^Completion of certain parts of this paper was made possible by personnel of 
the Works Projects Administration Official Project 65-1-71-140, Subproject 
No. 408. Sik)nsor: University of Minnesota. . 
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of freezing temperatures, in Centigrade, from shortly before the first 
lot was covered until the completion of mulching follow: 

Before October 7 September 25, ~2 degrees ; September 30, -3.5 
degrees. 

October 7 to 14 October 14, -4 degrees. 

October 15 to 21 October 16, -5 degrees ; October 17, -4.5 degrees. 
October 22 to 28 October 27, -2 degrees ; October 28, -6.5 degrees. 
October 29 to November 4 October 30, -3.5 degrees ; November 2, 
-5 degrees ; November 3, -6.5 degrees ; November 4, -4.5 degrees. 
November 5 to 11:- November 5, -1 degree; November 6, -3 
degrees; November 8, -3.5 degrees; November 10, -8 degrees; 
November 11, degrees. 

The dates of mulching are shown in Table 1. 

TABLE I — Growth Response After Exposure to Freezing Treatments 
OF Beaver Strawberry Plants Mulched at Weekly Intervals 
(Potted Plants, 10 Pots per Lot) 


Freezing Dates and Temperatures 


Date of 

Nov 21, -3 Degrees C 

Nov 22, -6 Degrees C 

Nov 23, 

-9 Degrees C 

Moilcliing 

Number of Plants 

Number of Plants 

Number of Plants 


Vigorous 

Weak 

Dead 

Vigorous 

Weak 

Dead 

Vigorous 

Weak 

Dead 

i 

Oct 7 

0 

0 

10 

0 

0 

10 

0 

0 

10 

Oct 14 

5 

2 

3 

4 

4 

2 

0 

2 

8 

Oct 21 

10 

0 

0 

9 

0 

1 

0 

5 

5 

Oct 28 

10 

0 

0 

9 

0 

1 

2 

6 

3 

Nov 4 

9 

1 

0 

9 

1 

0 

9 

0 

1 

Nov 11 

7 

3 

0 

8 

2 

0 

6 

3 

1 


On November 21, which was 10 days after the last lot was mulched, 
10-pot samples selected at random were taken from each of the six 
lots and frozen at a controlled temperature of -3 degrees C for 24 
hours. Other samples were taken the next two days and frozen at -6 
and -9 degrees C for the same length of time. Upon removal from the 
freezing chamber, the pots were placed in a cellar held at S degrees C 
for 1 week, during which time they thawed out completely. They were 
then placed beneath a bench in a greenhouse where they were held 
at 10 degrees C for a week. At the end of this time the pots were 
placed on a bench in a greenhouse held at 20 to 25 degrees C until 
the final data were taken on the growth response of the plants. 

An examination of the lots at the time the samples were taken for 
freezing showed that almost all of the plants covered October 7 had 
produced one or two etiolated leaves. The plants covered October 14 
also had produced new leaves in many instances. These leaves were 
considerably less etiolated than those of the plants covered October 7. 
The last lot to show any evidence of growth under the mulch was the 
lot covered October 21 where a slight crown development without 
etiolation was noted. 

The growth response of the samples taken from the lots is shown 
in Table I. It will be seen that all plants in the sample taken from the 
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lot mulched October 7 were killed by freezing at -3 degrees C. This 
temperature is about that of a light frost in the field. If any hardening 
resulted from the frosts of September 25 and 30, it was apparently lost 
during a week of warm w^eather that preceded the time of mulching. 
The fact that the plants mulched October 7 were killed at -3 degrees 
C seems to indicate that they did not harden under the straw cover. 

When growth response (Table I) is considered in relation to the 
occurrence of frost, it will be seen that plants in the later lots, subjected 
for a sufficient length of time to conditions conducive to the develop- 
ment of hardiness, were able to survive exposure to the temperatures 
used in this study. Plants in the two lots mulched on October 7 and 
October 14, lacking sufficient exposure to conditions promoting hard- 
ening were killed or severely injured at the temperatures used. Ex- 
posure to hardening conditions for even as short a time as 1 week may 
be important since the sample from the lot covered October 7 was 
completely killed at -3 degrees C, while that from the lot mulched 
October 14 showed 70 per cent survival. Under the conditions of the 
experiment, the plants mulched November 4 showed the greatest re- 
sistance to injury at the lowest temperature used. This temperature, 
-9 degrees C, is close to the minimum degree of cold that strawberry 
plants of hardy varieties hardened under optimum conditions are 
likely to withstand. The plants mulched November 11 showed some- 
what greater injury although only one plant was killed at -9 degrees 
C. This indicates that there is a time when further delay in mulching 
may be responsible for increased winter injury. This result is in agree- 
ment with earlier studies of cold resistance in strawberry plants. 

Despite the fact that early mulching is generally recommended for 
the northern part of the United States, the data obtained from this 
study indicate that if strawberry plants are covered too early, they 
are not likely to harden properly and severe losses may occur. While 
it is too much to expect that m^ching can always be done at exactly 
the right time, it is evident that the plants should be exposed to several 
early season frosts before being covered in order to lessen the likeli- 
hood of extensive low temperature injury. 
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Fall Setting Strawberries in Missouri^ 

By A. D. Hibbard and T. J. Talbert, Univcrsify of Missouri, 
Columbia, Mo. 

S UMMER drought is the limiting factor in strawberry production 
throughout the Ozark region. The industry there is established 
around the Aroma variety; a mediocre plant producer, and unfortun- 
ately very sensitive to moisture deficiency, especially on soils low in or- 
ganic matter. 

In the early years, when virgin land was readily available, summer 
drought was not a factor in securing a good row. Profitable produc- 
tion is difficult at present on fields that have been under cultivation 
long enough to destroy most of the organic matter and deplete the 
supply of available plant nutrients. 

It is generally known that the strawberry grows more rapidly dur- 
ing the cooler seasons of the year. It is possible that a cultural system 
for southern Missouri can be developed which would permit the plants 
to make a better use of the favorable seasons. 

Strawberry plants set in the spring frequently do not have time to 
become established and start runner production before the summer 
drought begins. A fall set plant has more time to become established. 
Therefore, it is ready to start growth with the first warm days of 
spring. Spring planting must be delayed until the ground becomes dry 
enough to work. Many years of experience have taught the producers 
to make their plantings as early in the spring as possible if a good row 
and maximum yields are to be secured. During recent years, dry 
weather has come so early that even the very earliest spring set plants 
have failed to make a good row except on virgin soil. A few growers 
have reported favorable results from fall setting. The practice has not 
gained much popularity owing to the additional labor involved in 
mulching and early spring cultivation. In fall setting, the grower gen- 
erally experiences better weather than that prevalent in spring, for 
the work of preparing the ground and transplanting. Experiments 
were started in the Ozark region in 1937 to determine if the apparent 
advantages were great enough to justify the additional costs involved. 

At Monett, experimental settings are made in late October and 
continued at 15 day intervals until December. Winter weather condi- 
tions usually prevent further setting before mid-February. Settings 
are made at 2 week intervals in the spring, with the last around April 
15, which is usually the latest date that a good row can be secured 
in a favorable season. All plants set during the fall are mulched with 
a light covering of wheat straw to prevent heaving. 

Records are made about July 1 of the number of original plants that 
are alive, leaves per plant, crown divisions and runners produced, and 
runner plants rooted. In mid-October, counts are made on the final 
survival of mother plants and the number of established runner plants. 
The stand and plant production are calculated from these data. A plot 

^Contribution from the Department of Horticulture, Missouri Agricultural 
Experiment Station Journal Series No. 717. 
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is given a stand rating of 100 per cent when there is a matted row 2 
feet wide with an average plant spacing of 8 inches. A satisfactory 
stand was secured only during the season of 1940. Yield measure- 
ments the following spring complete the records. The experimental 
layout consists of triplicate blocks of one-hundredth acre plots. 

Results so far are of a preliminary nature. They have been so fa- 
vorable to fall setting, however, that a progress report is of interest 
at this time. The growing seasons during which these experiments 
have been in progress were characterized by three distinct types of 
summer drought: a severe midsummer drought in 1938, a fall drought 
in 1939, and a short June drought this year. The season of 1940 was 
more favoralde for the development of a good row than any other 
season during the last 10 years. 

Table I shows the growth and row resulting from setting at differ- 
ent dates. These data are comparable to those from trials during the 
two previous years, except that there was a greater loss of mother 
plants from the spring settings during those years. 


TABLE I — CoMPARATU’E Growth of Spring and Fall Set Strawberry 
Plants During the 1940 Season of Ample Rainfall 



Growtli by July 15 

Final Growth October 15 

Setting 

Date 

Leaves 

Per 

Plant 

1 

i 

Double i 
Crowns 
(Percent) 

Runners 

Per 

Plant 

Rooted 
Runners 
Per Plant 

Living 
Mother 
Plants 
(Per Cent) 

Plants 

Per 

Mother 

Stand 
(Per Cent) 


Fall 


Nov 1 

S.l 

43 

4.0 

3.3 

78.4 

23.5 

Nov 15. . . . 

0,4 

57 

6.1 

3.3 

86.6 

21.5 

Dec 2 

10.6 

57 

6.1 

5.1 

85.6 

23.2 


spring 



9.0 i 

45 1 

5.7 

2,7 ! 

76 7 1 

20 6 

U3 7 

Marl 1 

7.1 1 

57 I 

4.4 

2.5 

83 

21.5 

126.7 

Mar 15 1 

8.7 1 

60 

4.9 

2.6 

80 ! 

17.5 

98.4 

Apr 1 1 

7.3 i 

40 

4.9 

2.7 

92 

14.4 

85.3 

Apr 15 1 

6.4 ! 

29 

2.7 

1.5 

86 

13.5 

75.3 


During each year the fall settings could be distinguished after July 
because of the greater runner production. At the end of each season 
these plots had a better stand since more of the original plants were 
alive and more runner plants had been produced. Also, since the fall 
settings start runner production earlier in the season, the new plants 
were larger the following fall. In each of the years the stand was about 
25 per cent better on the fall set plots. Very early fall setting or very 
late spring setting was not as desirable as later in the fall or earlier 
in the spring. There was less difference between the rows secured from 
different fall setting dates than between those produced by transplant- 
ing at different times in the spring. The spring settings seemed to be 
influenced more by environmental factors at the time of planting. 

A summary of the growth made by setting on the most favorable 
fall date, November IS, compared with the most favorable spring date, 
March 15, is made in Table IL 
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TABLE II — Favorable Response of Aroma Strawberries to Fall Set- 
ting IN THE Missouri Ozark Region (Growth Measurements 
ARE Averages for Triplicate Plots for Three Years; 

Yield for Two Seasons Only) 




Growth by July 15 
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Cent) 
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ners Per 1 
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Rooted 
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Living 

Mother 

Plants 
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Cent) 

Plants 
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(Per 
Cent) 1 

i 

Nov 15 1 

7.7 ! 

44.5 1 

Fall 

1 5.2 j .3.0 ! 

1 74.6 i 

16.4 ! 

; 90.1 i 

: 755 

Mar 15 

! 6.5 

27.5 

Spy 

4.3 

ing 

2.1 

! 63.6 

12.8 

60.8 

212 

Difference in favor 
of fall setting 

1.2 

17.0 

0.9 

0.9 

11.0 

3.6 

29.3 
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The growth data cover three seasons, while the ^delcls are for two 
only. Yields are low since summer droughts interfered with plant pro- 
duction both years. During each of the three seasons there was an in- 
crease in early growth and stand from fall setting. These results can- 
not be considered as conclusive, since the work has not been carried 
over a sufficient number of years. Weather conditions were such, 
during the period of the experiment, that fall setting of the Aroma 
variety was a practice which produced a superior row. The returns 
from the increased yield justified the additional costs incurred through 
mulching and extra cultivation. It is apparent that fall setting will be 
of greatest value during those years when summer droughts limit 
growth and plant production. 



Botanical and Economic Distribution of 
Vaccinium L, in Maine 

By F. B. Chandler, Maine Agricultural Experiment Station, 
and Fay Hyland, University of Maine, Orono, Me, 

T en of the 130 species of Vaccinium L. are found in Maine and, of 
these, eight are of some economic importance. This report attempts 
to outline the distribution of the species as a whole and only mentions 
a few of the botanical varieties. Stations in Maine where identified 
specimens have been collected have been plotted on maps and the 
general economic areas have been outlined. The nomenclature follows 
that of Rehder's Manual (4) and, when differing from that of Gray^s 
Manual (5), is followed, in parenthesis, by the latter name. 

Half of the genus Vaccmium occurring in Maine is blueberries and 
this is the group of greater economic importance. The species are 
listed in descending order of their economic importance. This order 
•is the same as that presented in 1898 by Munson (2) when considera- 
tion is given to combining of species. (F. nigrum Wood is here con- 
sidered as a variety of V- angustifolium Ait., and V, atrococcum 
(Gray) Heller is added to Munson’s list.) There are no reliable figures 
on the blueberry area in Maine. Munson (3) states, 'Tn the south- 
eastern part of Maine there are about 150,000 acres known as 'blue- 
berry barrens’ Woods (6) believed there were 250,000 acres and 
unpublished estimates have placed the area at about 400,000 acres. 

Vaccinium angustifolium Ait., commonly called the low-bush blue- 
berry or the low sweet blueberry, is generally distributed over the 
entire State. The plant is of economic importance, however, only along 
the coast and of this area the greatest financial returns are from the 
canning area in the eastern section, Fig. 1. 

The typical form of this species occurs only rarely or not at all in 
the economic areas and where it is found it is thought by growers to 
be a diseased plant. Vaccinium angustifolium var. laevifolium House 
(F. pennsylvanicum) is the most important variety and is represented 
in Fig. 1 by the majority of the stations. F. angustifolium var. nigrum 
(Wood) Dole is the next most important variety economically and 
is marketed with the former for canning. The dark-colored berries 
produced by the variety nigrum are usually considered undesirable for 
the fresh fruit market. V, angustifolium var. leucocarpum (Deane) 
Rehd, is found over the entire State but is so rarely seen that it is 
considered by most people as a curiosity. 

Vaccmium canadense Richards., commonly called sour-top or velvet- 
leaf blueberry, has the same lx)tanical distribution as the previous 
species and approximately the same economic distribution, Fig. 1, but 
this species seldom occupies as large areas as F. angustifolium. In the 
southeastern portion of Maine these two species furnish the major 
portion of the income for many of the people, the gross income from 
the crop being estimated at slightly less than $1,000,000 a year. From 
the reports of a number of growers it would appear that F. canadense 
IS Jess abundant than it was a number of years ago. While we have no 
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Fig. 1. Stations where Vaccinium angustifoUum and F. canademe have been 
collected. Stations off the coast represent island collections. Each species 
is of economic importance in the area between the solid line and the coast. 



Fig. 2. Stations where Vaccinium atrococcwm, F. cespitosum, F, uUginosum, 
V. corymhosum, V. c. forma albiflorum and F. r. forma gtahrum have been 
collected. The economic distribution of V. atrococcum and F. corymbostm 
is between the solid line and the coast. The plantings of the named varieties 
of the latter species are outlined by the dotted lines. 
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Fig, 1. Stations where Vctccinium angusHfolium and F. canadense have been 
collected. Stations off the coast represent island collections. Each species 
is of economic importance in the area between the solid line and the coast. 



Fig. 2. Stations where Vaccmmm atrococcum, V, cespitosum, V. uUgmosum^ 
V. corymbasum, V. c. forma cUbifiorwn and V. c. forma glabrum have been 
collected. The economic distribution of V. cstrocacctm and V. corymbosum 
is between the solid line and the coast. The plantings of the named varices 
of the latter species are outlined by the dotted lines. 
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data at present it appears that V, canadense is injured by the pruning 
(burning) practiced by the growers. Apparently, this same practice 
increases the spread and fruiting of F. angustifolnmi. 

Vacciniiim corymbosiim L. is fairly well distributed over the south- 
ern half of Maine. However, the economic distribution is in small 
areas, mostly in the southwestern part of the State. The harvest from 
this species may be divided into two classes — that which is harvested 
from wild plants, and that harvested from cultivated plantings.^ There 
are between 50 and 100 acres of wild plants in the State which are 
within the area outlined by the solid line in Fig. 2. These areas have 
received no care in the past and none of the owners has considered a 
program of renovation. There are slightly over 30 acres of cultivated 
berries in Maine which are shown in Fig. 2 by the dotted line. The 
care of the cultivated areas of economic size has been good, but the 
majority of people who have made small plantings of blueberries for 
home use have neglected the plants. 

Vaccinium atrococctim (Gray) Heller is found in cutover woodlots, 
swamps, and pastures in the extreme southwestern part of Maine, 
Fig. 2. This plant is of less importance than F. corymbosiim yet it 
enhances the income of a number of families. Because of the black fruit 
the berries are not shipped out of the State in large quantities. 

Vaccinium pallidum Ait. (F. vacillans) has nearly the same botani- 
cal distribution, Fig. 3, as F. atrococcum but the plants are not as 
numerous and they are usually found in wooded areas where yield is 



Fig. 3. Stations where Vaccinium pallidum, F. macrocarpum, V. Oxycoccus 
and V . Viiis-idaea var. minus have been collected. V, pallidum is of eco- 
nomic importance south of the solid line. The largest cultivated bogs of 
V. macrocarpum are outlined by solid lines. 
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small. Plants of V. pallidum have not been found with fruit exceeding 
13 millimeters in diameter, consequently the fruit of this species is 
smaller than that of any of the previously mentioned species. 

The Bilberry group of this genus is represented by Vacciniimi cespi- 
tosum Michx. and V, uliginosum L. The former species does not occur 
south of latitude 44® 50' according to Munson (3) but Fernald (1) 
found an isolated station in York, Maine at 43® 8'. It is occasionally 
found in the low-bush blueberry fields and is marketed as a blueberry 
but cannot be considered of any economic importance. F. uliginosum 
L., which is usually considered as a high mountain species, has been 
reported (3) to be abundant along the ledgy shores of many of the 
Maine rivers and in the blueberry barrens. This species cannot be 
considered of any economic importance, Fig. 2. 

Cranberries are represented by two species of which Vaccinium 
macrocarpttm Ait., the large cranberry, is the more important. This 
species is found in most of the open bogs, swamps, and along the 
sluggish streams. The fruit is gathered and marketed locally. There 
are only a few bogs in Maine where this species is cultivated, and the 
combined area is probably less than 15 acres. The two locations con- 
taining areas of over 3 acres are shown in Fig. 3. V. Oxycoccus L. has 
approximately the same distribution as the former species. This small 
cranberry is of much less importance but is harvested for local markets. 

Vaccinhim Vifis-idaea L. var. minus Lodd., the mountain cranberry, 
is found on mountains and hillsides where the soil is shallow, and is 
abundant near the coast. The fruit is smaller than that of the two pre- 
ceding species. It cannot be stored like the bog cranberry. The berries 
of this plant are in demand in the local markets where they bring 
approximately the same price as those of F. macrocarpum. 
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Selection of the Low-Bush Blueberry in West Virginia^ 

By W. H. Duis, West Virginia Agriculture Experiment Station, 
Morgantown, W. Va, 

A lthough for many years native low-bush blueberries in West 
. Virginia have annually produced large quantities of fruit, it was 
not until 3 years ago that any effort was made to improve their horti- 
cultural status. At that time the Horticulture Department of West 
Virginia University, recognizing the extent of the blueberry areas 
within the state and the wide variation within each of the several 
species, began a program of plant selection for breeding purposes. 
Since blueberries will grow on land that is otherwise agriculturally 
unproductive, and since vast areas of such land are to be found in West 
Virginia, it was felt that the development of the low-bush blueberry 
would contribute materially to the improvement of the economic status 
of the low-income farmer. 

For three successive summers during blueberry season, selections 
of the low-bush species were made in various parts of the state. These 
selections were made on the basis of the following characteristics : size, 
flavor, and color of the berry ; uniformity of ripening in the cluster ; 
productivity ; ease of picking ; the presence of a small dry scar where 
the berry separates from the stem ; small calyx ; freedom from cracking 
and tearing; season of ripening; and resistance to insects and diseases. 
The selection of plants for large-sized berries was facilitated this year 
by the cooperation of thousands of pickers who annually visit the blue- 
berry areas. 

Of the low-bush species in the state, Vaccinium angustifolium Ait. 
and F. palMum Ait. are the most promising for future development. 
Other species of Vaccinium indigenous to West Virginia which may 
contribute desirable factors to a breeding program include : V. cana- 
dense Kalm, found in moist areas in the higher Alleghenies, bearing 
a late-ripening berry of tart flavor ; V. stamineum L., a prolific plant 
growing along dry ridges, producing clusters of large, tart berries; 
F. erythrocarpum Michx. growing in damp locations in the higher 
Alleghenies, blooming late and producing red fruits in September. 
In addition to these F. Consfablaei Gray, a species incorporated by 
Gray under F. corymhosum var. pallidum, is found in the glades of 
Nicholas and Webster Counties. These glades, which are approxi- 
mately 2200 feet above sea level, are poorly drained areas or extensive 
flood plains lying between surrounding highlands. The soil is largely 
Dekalb silt loam, smooth phase, a heavy soil with varying amounts of 
sand and organic matter. The vegetation of the area not under culti- 
vation consists chiefly of F. Constahlaei, Lyonia ligustrina, Corylus 
americam, Alnus rugosa and Acer rubrum. 

In this state Vaccinium angustifolium is found chiefly on the Alle- 
gheny Plains, vast expanses of comparatively level, rocky land located 
on the crest of the Allegheny Mountains. These areas, lying in Pendle- 
ton, Tuc ker, Randolph, and Grant counties, and baring such names 

^Published with the approval of the Director, West Virginia Agricultural 
Experiment Station, as Scientific Paper No. 259, 
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as Flat Rock Plains, Brushy Ridge, Red Creek Plains, and Roaring 
Plains, are a part of the Monoiigahela National Forest. They lie at an 
altitude of 3000 to 4800 feet above sea level and cover an area of 
approximately 250 to 300 square miles. At one time these plains were 
covered with forests of red spruce and hemlock ; but with the advent 
of lumber operations and recurring forest fires, the forests have dis- 
appeared and left in their place a cover which consists chiefly of 
Gaylussacia baccata, Kalmia latifolia, Rhododendron maximum^ Vac- 
cinium angustijolium, V. canadense, and other ericaceous plants. In 
addition, Primus pennsylvanicuniy Sorbus americana, Aronia melano- 
carpOy Amelanchier spp., N emopanthiis mucronata. Viburnum cas- 
sinoides, Alnus incana, and small Picea rubra, constitute for the most 
part the shrubby growth of this region. V, angustifolium forms a 
carpet or mat of plants covering the well-drained, sandy soil, often 
as an understory to Gaylussacia baccata. It also commonly grows 
around exposed rocks. The soil type of the plains is classified as rough 
stony land made up of Dekalb soil materials or as Dekalb stony loam, 
a dark soil, the upper horizon of which is made up largely of a mixture 
of grey sand and organic matter. The soil is extremely acid, the pH 
ranging from 3.6 to 4.3. * 

Vaccinium angustifolium varies widely in color, size and shape, and 
flavor of fruit, type of growth, and other characteristics. For example, 
the intensity of blue which is determined chiefly by the amount of 
waxy bloom present on the berry, covers a wide range. Light blue, 
blue, medium blue, and blue-black are to be found within the species ; 
and frequently the entire absence of bloom results in a shining jet 
black fruit. Some berries are covered with an especially tenacious wax 
which feels like talc wdien rubbed with the finger and which is not 
easily removed by handling. Such berries are particularly desirable for 
marketing from the standpoint of appearance. Still other plants bear 
fruit of a metallic blue, referred to by Coville (1) in his work with 
V. corymbosum as ‘'aluminum” and by pickers as “silver berries”. 
Moreover, different degrees of “silverness” occur. The white fruited 
form, leucocarpum Deane, is occasionally found growing among the 
type form of the species. These berries exposed to full sunlight present 
a blushed cheek or become entirely red. 

Wide variation likewise appears in the size of the berries. Diameters 
range from 5 millimeters to 15 millimeters. There is an equally wide 
range in the lengths of the berries, a factor which is not to be neglected 
in the selection for size. A cup count (the number of berries required 
to fill a standard measuring cup, a common method of ascertaining the 
size of blueberries) of a sampling of berries taken from pickers’' crates 
early in the season numbered 548; a similar sampling taken later in 
the season numbered 348. This increase in size may be attributed to 
an increase in volume of the fruit as the season progresses, to the 
possibility that the later-ripening berries on the average are larger, or 
to a combination of the two factors. 

In shape the fruits of Vaccinium angustifolium range from globose 
to spherical to pear-shaped. In flavor they range from flat to sweet 
to sub-acid to acid. 
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Leaf spot appears to be the most serious disease affecting V acciniuM 
angustifolium in West Virginia. The fact that some plants are not 
affected mav indicate immunity. It is important, of course, to select 
if possible plants that are free from leaf spot ; however, the disease 
appears to be controlled by spraying. This fact was recently observed 
in the Chert Mountain Orchards of E. A. Leatherman, Romney, West 
Virginia, where V. angustifolium and V. pallidum, growing as an 
undercover to apple trees, were entirely free from leaf spot. Since most 
of the plants in adjacent areas were affected, it was assumed that those 
growing in the orchard had been protected by the apple-spray schedule. 

In order that the season of ripening may be extended over a long 
period of time, selections were made from early-, medium-, and late- 
ripening types. V, angustifoliuni ripens over a period of 5 weeks, 
generally beginning the first week in July. The earliest-ripening form 
is a low bush, ranging from 6 to 8 inches in height. Its leaves, some- 
what erect and elliptical, with bristly serrate margins, are bright green 
on both surfaces, the under side somewhat lighter than the upper. 
The petioles and veins are devoid of hairs, although the stems are 
hairy. This type, called '‘early sweet” by the pickers, grows abundantly 
on open sandy ridges. It usually ripens during the first two weeks in 
July. Those plants which fruit shortly afterwards, the medium-ripening 
types, bear more or less the same physical characteristics as those just 
described. The late-ripening types, however, are generally from 10 to 
20 inches in height, and the leaves are more horizontal than those of 
the low “early-sweet”. In some of the late-ripening plants the leaves 
are devoid of hairs, in others both the midrib and secondary veins are 
hairy and in still others only the midrib is hairy. 

Growing among Vaccinium angustifolium is F. angustifolium nig- 
rum Wood, an extremely prolific plant, likewise appearing in the low, 
early-ripening and tall, late-ripening forms. Its leaves are blue-green 
in color ; its berries range from jet black to grey. The prolific character 
of this variety and the fact that its berries are borne in terminal clusters 
are two qualities which make it a desirable plant for breeding purposes. 

Selections of Vaccinium pallidum were made on the basis of the 
characteristics which determined those of V. angustifolium. In both 
species wide variations exist, but a few marked differences may be 
noted in the characteristics of the two. For example, V. pallidum is 
inferior to V. angustifoliuni in the following respects : the blue color 
of the berry is less intense ; the fruit is not so highly flavored, and the 
variation in the size of fruit is not so great, that of F. pallidum being 
generally smaller. The cup count of a sampling from pickers' crates 
numbered 445. On the other hand the fruit of F. pallidum is firmer 
than that of F. angustifolium and has a dryer scar, and the fruit cluster 
is larger. The ripening season of F. pallidum covers a period of 2 or 
3 weeks usually beginning the latter part of July, although the time 
of ripening depends upon the altitude. F. pallidum is widely distributed 
throughout the state, growing on well-drained sandy ridges, usually at 
an altitude below 2,400 feet, and is commonly referred to as the “ridge 
huckleberry”. The pH of the soil in which it commonly grows ranges 
from 4 to 4.7. 
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In West Virginia, Vaccinium angustifolium and V, pallidum show 
more promise for development as an economic fruit than any of the 
other Vaccinium species indigenous to the state. Advantage has been 
taken of the wide variations within each of the two species, and 
selections for various characteristics have been made. 
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Effect of Some Nutrients, Media, and Growth 
Substances on the Growth of the 
Cabot Blueberry! 

By Amihud Kramer and A. L. Schrader, University of 
Maryland and Soil Conservation Service, 

College Park, Md. 

Abstract 

This material will be published in full elsewhere as Scientific Contribution 
No. 530, Department of Horticulture, Maryland Agricultural Experiment Station. 

R ooted cuttings of the Cabot blueberry were grown in peat-sand 
and sand media, and supplied with various nutrient solutions and 
growth substances. 

Deficiency symptoms appeared after different periods of time in the 
following order: Nitrogen, potassium, sulphur, calcium, boron, mag- 
nesium, phosphorus, iron, and manganese. The beneficial effect of peat 
was partly due to the presence of calcium, sulphur, and boron in avail- 
able form, and partly to factors that could not be determined, since 
plants receiving the full nutrient solution also made better growth, 
although to a lesser degree, in peat-sand than in sand alone. 

The shoot-root ratio of plants growing in the peat-sand medium 
was greatly increased when manganese, iron, calcium, boron, or mag- 
nesium was omitted, and decreased when sulphur, boron, phosphorus, 
or nitrogen was witheld from the sand grown plants. 

There was a significant negative correlation between fresh weight 
and per cent dry weight, but results based on dry weight were practi- 
cally identical with those obtained with fresh weights, since the differ- 
ences in weight were sufficiently large to be maintained on dry weight 
basis also. 

Nutrients had a significant effect on the rapidity with which terminal 
growing points aborted. There was a significant correlation between 
per cent of terminals aborted and top weight. 

Weekly applications of thiourea and vitamin Bi had no significant 
effect on the deficiency symptoms, fresh or dry weights, or growing 
point abortion. Eight other substances applied to blueberry plants 
growing in silt loam soil in various concentrations and combinations 
had no significant effect. 

^A cooperative study by the Department of Horticulture, University of Mary^ 
land, and the Hillculture Division, Soil Conservation Service, United States 
Department of Agriculture. 



Seed Size in Blueberry and Related Species^ 

By George M. Darrow, U. S\ Horticultural Station, 
BeltszfiUe, Md, 

I N 1931 a study of seed in cane fruits showed the percentage of total 
berry weight' consisting of seed was 4.3S for Cuthbert raspberry, 
S.92 for Farmer black raspberry, 3.93 for Lawton, 5.04 for Evergreen, 
and 3.38 for Young blackberries. In 1939 a similar survey of seed in 
strawberries showed about 1.30 per cent of the berry weight was seed. 
Seeds of octoploid strawberries averaged twice the size of the diploid. 
However, some octoploid varieties liad relatively small seeds and 
among selections there were some that had seeds as small as the 
diploid. Therefore, if the seed size is doubled when chromosome 
number is doubled strawberries may still not be '"seedy’\ 

In blueberry varieties the Sam (of the northern highbush) and the 
Ruby (of the rabbiteye) are said to be relatively seedy, though prob- 
ably not objectionably so. The species of blueberries are . of three 
chromosome groups. Huckleberries are generally assumed to have 
larger seeds than blueberries. This study of blueberry and related 
species was planned with these points in mind and to determine 
whether seed size followed chromosome number. 

A test was made of seed weight as a measure of seed size. Weight 
was found to vary directly as volume and hence was used in this study. 
Where possible 100 plump seeds of each variety or species were 
weighed. Several checks of the accuracy of the work were made. Thus 
100 fully developed seeds of Mineola weighed .0611 grams and 100 
small undeveloped seeds weighed only .0145. In a lot of 700 seeds of 
Rubel, the large plump seeds averaged .043 per hundred and the small 
undeveloped seeds averaged only .013 per hundred. Care was therefore 
taken that all seeds utilized in these studies were fully developed. Two 
lots of five samples and one lot of 10 samples of 100 seeds each were 
weighed to check the accuracy of this size sample. The variations from 
the mean were 7, 6, and 9 per cent. Seeds were collected from northern 
Florida, northward to Massachusetts. Seeds of most of the cultivated 
varieties are included in this study. 

Table I gives the weight of seeds of species, varieties, and selections. 
Where the seed used resulted from hand pollinations, the pollen parent 
is put in parenthesis as (x Dixi). Otherwise the seed resulted from 
open pollination. 

The data in the table show that, in general, the diploid and tetraploid 
species and varieties of blueberries have much smaller seeds than do 
the hexaploid species and varieties. Vaccinium parvifolium Smith and 
V. crassijolium Ait (a few seeds only examined) seem to have the 
smallest seed. F. atrococcum (A. Gray) Heller varies in size of seeds 
from that nearly as small as the above to that of seed about twice the 
size. V. angustifolmm Alt had smaller seed than V, corymhosum L. 
and nearly as small as that of F. crassijolium and F. parvifolium, 

^Acknowledgment of the help of R. D. Rappleye, Student Aid, in obtaining 
the data for this article is gratdully given. 
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TABLE I — Seed Size by Weight of Blueberry Varieties, Species and 
Related Plants (Weight of 100 Seeds in Mgs) 


Material 


Soxirce and 
Weight 
(Mgs) 


Cranberry 



Burlington 

N.J. 

39 

Vaccmium macrocarpiim Ait. v arieties 


Cabot 

N.J. 

39 

Aviator 

. . Mass. 

77 

Chatworth 

N. J. 

44 

Black Veil 

. . Mass. 

84 

Dixi 

Md. 

52 

Centennial 

. . Mass. 

101 

Dunfee 

N.J. 

42 

Early Black 

. . Mass. 

93 

Grover 

N.J. 

42 

Howes 

. . Mass. 

106 

Jersey 

N.J. 

42 

Smalley Howes 

. . Mass. 

91 

Jersey 

N.J. 

45 

Vose Pride 

. , Mass. 

89 

June 

N. C. 

43 


Material 


Source and 
Weight 
(Mgs) 


Deerberry 

Polycodium stamineum (h.)OTeene, . Md. 

Huckleberry 
Gaylussacia haccata (Waugh.) 

K. Koch Md. 136! 

brackycera (Michx.) A. Gray N. J. 106 1 

frondosa (L.) Torr. & Gray Md, 167 

frondosa (L.) Torr. & Gray N. C. 161 

Batodendron arhoreum Marsh Fla. 97| 

Blueberries 

Vaccinium parvifoltum Smith Ore. 21 

vliginosum (L.) Ore. 29 1 

Diploid Species 
Vaccinium atrococcum (A. Gray) 

Heller Md. 43 

atrococcum (A. Gray) Heller Md. 32 

atrococcum (A, Gray) Heller Md. 36 

atrococcum (A. Gray) Heller Md. 30 

atrococcum (A. Gray) Heller Md. 21 

Elliotiii Chapm Ga. 41 

ElUoitii Chapin Fla. 35 

tenellum Ait N. C. 26 

vacillans Torr.* Ala, 41 

vacillans Torr Ga, 35 

vacillans Torr Md. 

canadense Richards XF. »actWaw5.N. J. 37 

vacillans (XV. atrococcum) Md. 35 

ovatum Pursh (XV. atrococcum) . , Md. 20 

ovatum 11 collections Ore. 33 to 44 

Tetraploid Species 

Vaccinium angustifoLium Ait.t W. Va. 


N. J. 

W. Va. 

anmslifoLium var. nigrum (Wood) 

Dole W. Va. 

angustifolium var. nigrum (Wood) 

Dole W, Va. 

angustifolium var. nigrum (Wood) 

Dole W. Va. 

corymbosum L Md. 

corymbosum L Md. 

tallapusae (Cov.) Uphof (XDixi).Md. 

( XStanley) . Md. 

( XStanley) . Md. 
Myrsinites Lam. ( XWeyniouth) . Md. 
corymbosum L. ( Xvirgatum Ait.) . Md. 
corymbosum L. seed: 

Dixi (XV. angustifolium) Md, 

(XAH78) Md. 

(XV. tallapusae) Md. 

( X V. Myrsinites) Md. 

(XV. virgatum) Md. 

Stanley (XV. virgatum) Md. 

Weymouth (XV, angustifolium) Md. 

(XV. angustifolium) Md. 

(XV. Myrsinites) Md. 

( XV. virgatum) Md. 

AH78(XDixi) .Md. 

( X Weymouth) Md. 

V. angustifolium ( XDixi) Md. 

Vaccinium corymbosum L. Varieties 

Adams N. 

Atlantic 

Brooks 


t7» corymoosum ju, Yartenes 

N. J. 

N. J. 

.N.J. 


Katherine N.J. 47 

Pemberton N.J. 52 

Pemberton N.J. 53 

Pioneer N.J, 43 

Rubel N.J. 34 

Sam N.J. 57 

Scammell N- C. 50 

Sooy N.J. 53 

Stanley N.J. 46 

Weymouth Md. 40 

A. W.35 Md. 43 

G. M. 37 N.J. 41 

V-20 N.J. 54 

V-25 N.J. 61 

1613-A N.J. 37 

Vaccinium corymbosum X 
V. angustifolium Varieties 

Catawba N.J. 41 

Catawba N. J. 38 

Greenfield N. J, 39 

Redskin N. J. 30 

Redskin N.J. 24 

Bexaploid Species 

Vaccinium pallidum Ait N. C. 50 

IVaccinium Pallidum X 

V . virgatum) selied Md. 51 

Vaccinium virgatum N. C. 55 

Vaccinium virgatum Varieties 

jBlack Giant Ga. 69 

[Black Giant Ga. 66 

Blue Boy Fla. 65 

IClara Ga. 53 

Clara Ga. 54 

Hagood Ga. 62 

Hagood Ga. 54 

Locke Fla. 71 

Myers Ga. 59 

[Myers Ga. 64 

[Myers Ga. 47 

Mmeola .Ga. 61 

Mineola Ga. 52 

[Ruby Gra. 83 

[Ruby Ga. 92 

Suwanee Ga. 48 

jSuwanee Ga. 59 

Vaccinium virgatum Seed 

[Black Giant ( XClara) Md. 66 

( XHagood) Md. 78 

(XLong) Md. 63 

( XPecan) Md. 80 

Hagood ( XBlack Giant) Md. 74 

' (XClara) Md. 73 

(XLong) Md. 69 

Myers ( XBlack Giant) Md. 68 

'XClara) Md. 58 

XHagood) Md. 60 

XLong) Md. 59 

,XRnby) Md. 72 

Suwanee ( XBlack Giant) Md. 72 

XHagood) Md. 61 

XselO Md. 77 

XDixi) Md. 42 

XStanley) Md. 38 

XWeymouth) Md. 44 


*? tetraploid. f? diploid. 
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Seeds of Sam, Dixi, Pemberton, V-20 and V-2S are relatively large 
but the berries of all these except Sam are also very large. All the 
varieties of the hexaploid species, V. virgatum Ait., have relatively 
large seeds. Ruby has the largest seed of any blueberry. Possibly in 
this species the seeds are so large that seed size should be considered 
in making selections of seedlings in breeding work. Seed of the huckle- 
berries is from three to four times as large as that of the blueberries. 
Seed of the deerberry (Polycoditim stamineum (L.) Greene) is about 
the size of the hexaploid blueberries although the deerberry is reported 
to be diploid. 

It is rather notable that hybrid seed of Dixi is larger in most 
instances than is the open-pollinated seed of Dixi. 

Although open-pollinated seed of varieties of the ‘Vabbiteye’’ are 
large, and when one rabbiteye variety is pollinated with another the 
seeds are also large ; in contrast, the seeds resulting from pollinating 
Suwanee by Dixi, Stanley, and Weymouth are smaller — about the size 
of the tetraploid pollen parent. However, hybrid seed resulting from 
pollination of Weymouth and of Stanley with Vaccinium virgahm is 
larger than open-pollinated seeds of the same varieties. 

The number of seeds in relation to the size of berry was obtained 
for open-pollinated GM-37, a selection of Vaccinium corymbosum. 
Very large berries averaging 55 to the blueberry cup (J4 pint) had 
33,1 ± 8.4 plump seed, large berries averaging 75 per cup had 18.3 ± 
6.3 seed, medium sized berries averaging 110 per cup had 11.0 ± 5.0 
seed, and small berries averaging 256 per cup had 2.1 ± 1.5 seed per 
berry. Counts of the number of seeds per berry gave an average of 
17 seeds for Polycodium stamineum (range 5 to 29) and 70 for the 
Rubel blueberry. In per cent of the total berry weight the huckleberry 
{Gaylusaccia jrondosa) (L.) Torr. & Gray had 4.8 per cent of seeds, 
Rubel 1.1 per cent, and the deerberry {Polycodium stamineum) 0.9 
per cent. Because the huckleberry is considered to be objectionably 
seedy and the Rubel blueberry is not, the ratio of seed weight to total 
weight of berry that is objectionable may be presumed to be between 
these two figures. However, as in Rubus the degree of attachment and 
character of the fibers may largely determine the impression of seedi- 
ness in eating. 



Leaf Characters as a Basis for the Classification 
of Blueberry Varieties^ 

By J. Harold Clark, New Jersey Agricultural Experiment 
Station, Nezv Brunswick, N, J. 

T he list of named varieties of the high-bush blueberry, Vaccinmm 
corymbosum and hybrids, has grown to a point where some method 
of classification would be helpful. Coville (2) has described certain 
blueberry varieties as having entire leaves and others as having serrate 
leaves. He also stated that there are leaf size differences and shape 
differences, but did not attempt to group the vax'ieties. The value of leaf 
characters in the classification of varieties of other fruits has been 
shown by numerous writers. Recently Sefick and Blake (6) and 
Header and Blake (3), have shown the practicability of using actual 
measurements of leaf tip angles, base angles, and width-length ratios 
in classifying varieties of peaches. Bioletti (1) and Rodigues (5) have 
showni that certain angles of the grape leaf have taxonomic value. 

Leaf Gauge Developed 

In a preliminary study of blueberry leaves during the summer of 
1940, it became evident that a rapid method of measuring the various 
leaf angles and dimensions would be helpful. Accordingly the device 
shown in Fig. 1, knowui as the New Jersey Blueberry Leaf Gauge, 
was developed to permit the securing of most of the important leaf 
measurements with a minimum of motion. 

The vertical scale, 10 centimeters long, is for leaf blade length. The 
5 centimeters scale is for leaf width, the lines being rather long, so 
that the point of maximum width may be quickly located. 

The horizontal scale at the top is for direct measurement of the tip 
angle. The tip of the leaf should be placed so that it just touches the 
top line with the mid-rib extending straight down, parallel to the 
vertical line at the left. The leaf should be moved to right or left until 
the left margin crosses the vertical line at its point of intersection with 
the horizontal line, which is 0.5 inch below the top line. At the point 
where the right hand margin of the leaf crosses this lower line, the 
angle of the tip, at a vertical distance of 0.5 inch from the end of the 
leaf may be read off in degrees. This method of measuring tip and base 
angles, by a scale based on natural tangent values, was worked out by 
Mr. E. M. Header (4) who has been using it in peach variety studies. 

The horizontal scale at the bottom is used to measure the base angle, 
the base of the blade being placed on the bottom line, the left margin 
on the intersection of the vertical and the 0.5 inch horizontal line, 
and the angle read off directly on the scale, at the point where the 
right hand margin intersects the 0.5 inch line. The exact point at the 
base of the blade to be placed on the bottom line is where the margin 
lines of the blade would cross if projected across the petiole. 

The small scale, measuring to 1 10 degrees is for leaves so small that 

^Journal Series Paper of the New Jersey Agricultural Experiment Station, 
Department of Pomology. 
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Fig. L Blueberry leaf gauge. 


the angles may be measured more accurately at a distance of 0.25 inch 
than at 0.5 inch from the ends of the leaf blade. The larger scales should 
be more satisfactory for most varieties of Vaccmiiim corymhosum and 
were used exclusively in these studies. 

Selection of Criterion Leaves 

A standard method of selecting the criterion leaves is most impor- 
tant in a study of this kind. There is great variation in size, and some 
variation in shape of leaves on blueberry twigs or shoots of different 
sizes and degrees of vigor, hence average size or average shape for the 
variety, if tesed on all the leaves of a plant, would be difficult to 
determine. Furthermore, such an average would be of no greater value 
than an average based on leaves from one particular place on one 
type of twig. Leaf baring wood on a mature blueberry plant may be 
of two types (a) primaiy canes from the crown Of the plant or from 
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near the base of older growth, and (b) lateral branches on older 
growth. However, old plants may have no typical primary shoots, 
either because of poor growing conditions or insufficient pruning. In 
these studies, therefore, leaves were selected from lateral branches 
8 to 12 inches long, on vigorous plants of bearing age. Branches mak- 
ing second growth were not used. 

On any lateral branch, the leaves range from very small at the base 
to a maximum size near the tip. The leaf shape also varies somewhat 
from the base to the tip of the twig. To determine the average size 
and shape of leaf on a twig of this type would require a great many 
measurements. The largest leaves, one to three from a twig, taken from 
near the tip are the easiest to select and describe accurately and so 
were chosen as criterion leaves. These larger leaves would be the ones 
most likely to be noticed and retained in the memory of the average 
observer as typical of the variety. Whether they are more or less vari- 
able than the leaves on other parts of the twig will require more 
extensive statistical studies to determine. 

Leaves Shrink Very Slightly on Being Dried 

In order to determine the best method of handling the material, 
leaves of six standard varieties were collected on September 12, 1940 
and measured immediately, after which they were pressed, thoroughly 
dried, and measured again. Table I shows the average loss in size for 
each dimension. It is evident from the table that the shrinkage due to 
drying was comparatively small. All other measurements have been 
made on dry leaves. 

During September and October 1940, leaves were collected from 
the Horticultural Farm at New Brunswick and from commercial fields 
in various parts of the state. Time did not permit the collection of 
samples of each variety from plants growing under different environ- 
mental conditions. Rubel leaves, however, were collected on several 
farms and the measurements are shown in Table II. 

There is considerable variation in the different lots recorded in 
Table II yet only two other varieties of the 28 measured had mean 
apex angles falling between the two extremes here recorded for Rubel, 
63.6 and 68.9 degrees. There was greater variation in the base angles, 
however, and 10 other varieties of the 28 fell within the extremes of 
68.4 and 77.7 degrees. The coefficient of variation for the apex angles 
of the 50 leaf sample w^as 5.46 per cent and for the base angles 6.71 
per cent. Eight other varieties had a width to length ratio within the 


TABLE I — Average Change in Leaf Dimensions Due to Drying, Based 
ON 10 Leaves of Each Variety 


Variety 

Apex Angle 
(Degrees) 

Base Angle 
(Degrees) 

Blade 

Length 

(Cms) 

Blade 

Width 

(Cms) 

Width 

Length 

Ratio 

Adams 

-0.1 

-1.0 

“0.10 

-0.09 

-0.01 

Cabot 

-0.6 

-0.8 

-0.13 

-0.08 

0.00 

Concord 

-0.2 

-1.1 

-0.10 

-0.06 

-0.08 

0.00 

Grover 

-0.4 

-Q.6 

-0.07 

0.00 

0.00 

Rancocas 

-0.7 

-0.7 

-0.07 

-0.05 

Rubel 

-0.6 

-1.0 

-0.06 

-0.06 

-0.01 



444 


AMERICAX SOCIETY FOR HORTICULTURAL SCIENCE 


TABLE II—Average Measurements of Rubel Leaves from 
Different Farms 


Farm 

i 

1 Soil 

No. of 
Leaves 

Vigor of 
Plants 

Apex 

Angle 

1 

Base 

Angle 

Blade 

Length 

Blade 

Width 

Width 

Length 

Ratio 

1 

Upland loam i 

50 

Vigorous 

68.9 

76.7 

5.48 

2.63 

0.48 


Loamy sand 

10 

Vigorous 

66.1 

77.7 

6.05 

2.80 

0.46 

3 

Loamy sand 

10 

Vigorous 

64.6 

71.9 

6.25 

2.69 

0.43 

3 

Loamy sand 

10 

Medium 









Vigorous 

63.6 

69.8 

5.72 

2.45 

0.43 

4 

Loamy sand 

10 

Medium 









Vigorous 

66.8 

68.4 

5.29 

2.32 

0.44 

4 1 

Sand 

10 

Weak 

65.1 

72.3 

5.66 

2.53 

0,45 


range .43 to .48. The range of soil types and degrees of vigor covered 
in Table II are intentionally extreme and yet the various measure- 
ments are consistent enough to be of value for classification purposes. 

The actual figures for the other varieties are not presented at this 
time, as they are based on small samples, usually 10 carefully selected 
criterion leaves, and one year’s observations. Some of the most impor- 
tant varieties, at least, should be studied further under different soil 
and climatic conditions. The results already obtained, however, seem 
to warrant a tentative grouping of varieties into the following classes. 
Apex angle narrow — less than 70 degrees ; medium — 70 to 80 degrees ; 
wide — over 80 degrees. Base angle narrow — less than 80 degrees; 
medium 80 to 90 degrees; wide — over 90 degrees. Width to length 
ratio small — less than 0.4S ; medium— 0.45 to 0.55 ; large — over 0.55. 

There are many other leaf characters which may be of value in the 
identification of a variety. Some of them, such as size, color and 
autumn coloration, may be affected to a considerable extent by grow- 
ing conditions. The erectness of the leaves, the folding and reflexion 
of the blades, and the waving of the margins are valuable characters, 
but these also may be affected by environment. Two of the most con- 
stant characters are the presence or absence of serrations on the margin 
of the leaf and presence or absence of pubescence on the under-surface 
of the leaf. Accordingly, these two characters are used to designate the 
first sub-divisions in the preliminary classification which follows. 

Preliminary Classification of Blueberry Varieties 
Based on Leaf Characters 

A. Margin entire 

B. Glabrous lower surface 

C. Apex angle narrow 

D. Base angle narrow 

E. Width/length small — Dunfee 
EE. Width/length medium — Cabot, Rubel, Scammell, 

W eymouth 

DD. Base angle wide — ^Adams 
CC. Apex angle medium 

D. Base angle narrow — Concord 
DD. Base angle medium 

E. Width/length medium — Dixi, Sam 
EE. Width/length large — ^June, Sooy 
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DDD. Base angle wide — Atlantic, Brooks 
CCC. Apex angle wide 
D. Base angle medium 
E. Width/length medium — Burlington 
EE. Width/length large — ^Jersey 
DD. Base angle wude — Katherine, Pemberton, Pioneer, 
Stanley 

BB. Pubescent lower surface — Grover 
AA. Margin serrate 

B. Glabrous lower surface 

C. Apex angle medium 

D. Base angle narrow — Catawba, Greenfield 
DD. Base angle medium — ^Rancocas 
BB. Pubescent lower surface 

C. Apex angle narrow — Harding, Redskin, Warehain 
CC. Apex angle medium — Chatsworth 

This classification does not differentiate every variety from every 
other variety but does put them in relatively small groups. Most of 
these small groups may be readily subdivided by the following supple- 
mentary information, as well as by flower, fruit, and other characters. 

Dunfee has leaves that are distinctly variegated. Scammell and 
Cabot leaves are small, 5 centimeters or less, whereas Rubel and W ey- 
mouth have larger leaves, 6 centimeters or more for criterion leaves 
on vigorous bushes. The Cabot bush is low and spreading, Scammell 
upright spreading. The Rubel bush is distinctly upright with most of 
the leaves quite erect. Old plants of Weymouth have not been observed 
but it apparently does not grow nearly so erect as Rubel. 

Dixi has not been observed extensively but does not make as sparse 
and willowy a growth as Sam. 

June leaves are much smaller than those of Sooy, slightly over 
5 centimeters long, as compared with 7 centimeters for Sooy. 

Brooks and Atlantic may be difficult to distinguish by leaf charac- 
ters but Atlantic probably has a somewhat thinner leaf blade which 
is more reflexed and more puckered and waved than Brooks. The 
difference is slight, however. 

Burlington and Jersey fall in different classes on the basis of the 
measurements made but the difference is not great ; these two varieties 
need additional study. 

Stanley has the widest base angles of any variety studied averaging 
101 degrees and the leaves are distinctly puckered. Pemberton has a 
very vigorous, upright bush, whereas Pioneer is low and spreading 
and Katherine only slightly more upright than Pioneer. The Katherine 
leaves tend to be slightly more puckered than those of Pioneer. 

Catawba is red fruited, whereas Greenfield is blue black. 

Redskin has small leaves, just over 4 centimeters long, whereas 
Harding and Wareham have large leaves, over 7 centimeters long. 
Harding and Wareham are difficult to distinguish by the leaves but 
Wareham leaves are slightly more erect than those of Harding. 
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Summary 

A gauge for the rapid measurement of blueberry leaves is described. 
Blueberry leaves shrink so slightly while being pressed and dried that 
measurements of either green or dry leaves would be satisfactory for 
classification purposes. Leaf measurements of the Rtibel variety from 
plants gr(3wing under different environmental conditions varied some- 
what but were close enough to be of value in classifying the variety. 
A tentative classification of varieties based on leaf characters is pre- 
sented. 
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Yield, Size of Berries, and Season of Maturity 
of the Highbush Blueberry as Influenced 
by Severity of Pruning 

By VV. T. Brightwell, Clemson Agricultural College, 
Clemson, S, C, 

B ecause Httle data are available which give yield records of 
pruned and unpruned plants, this experiment was planned to 
obtain further data on the effects of pruning the highbush blueberry 
(Vaccinium corymbosum). The experiment was begun during the 
season of 1939 at the South Haven Experiment Station plantation 
near South Haven, Michigan. This paper is a preliminary report of 
the first two seasons* work. The experiment will probably be continued 
several years as definite conclusions should not be reached after only 
two years results. 

Materials and Methods 

Plants of the Rubel and Pioneer varieties which had been set in the 
field in 1929 were selected. The plants were set 4 feet by 9 feet on a 
fairly uniform Saugatuck sandy loam. These plants had received a 
moderate pruning and clean cultivation until harvest time each season 
and an application of a specially prepared 5-8-10 fertilizer since the 
second season. 

To facilitate a clearer understanding of the terms used in this paper 
to designate the different parts of the plant, the following terms are 
defined: Shoot refers to new growth originating at or near the base of 
the plant the previous season. Stem designates shoot growth more than 
1 year old. Lateral refers to fruiting wood of the past season’s growth, 
other than shoot growth. 

Plots containing 10 plants each were pruned in 1939 and 1940 in a 
similar manner. One plot of each variety received the following treat- 
ments: Check plots received no pruning; light method consisted of 
removing most of the bushy thin wood and light heading back of 
shoots; intermediate method consisted of removing the bushy thin 
wood, about one-third of the oldest stems, and a moderate heading 
back of shoots ; heavy method consisted of removing the bushy thin 
wood and at least one-third of the oldest stems, heading back all shoots, 
and reducing the number of fruit buds about 60 per cent by heading 
back each lateral ; moderately heavy method was similar to the heavy 
method except the number of fruit buds was not reduced by heading 
back each lateral. 

The berries were picked and weighed at intervals of varying length 
as they reached maturity. Comparative size was determined by count- 
ing the berries required to fill a % pint liquid measuring cup. The 
sizes were compared to the Michigan Blueberry Growers* Assocktion 
grades which are: Superior, 90 berries or less; Golden Moon, to 
140 berries per cup; Columbia, 141 to 190 berries per cup ; and Lakfe 
State, over 190 berries per cup. 
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Discussion of Results 

The data, presented in Table I, show that the total yield of berries 
from plants of the Rubel variety decreased as severity of pruning 
increased, except in the 1940 season when the moderately heavy pruned 
plants yielded less than did the heavily pruned plants. The average 
yield per plant in the 1939 season decreased from 376.6 ounces for 
the check plot to 62.4 ounces for the heavily pruned plot, a difference 
of 314.2 ounces. The difference in average yield per plant in 1940 in 
the same plots was 175.9 ounces. The average yield increased in all 
pruned plots the second season over the first, but the yield of the check 
plants decreased. 

Table I also shows that the average size of berries increased as 
.severity of pruning increased in the 1939 season but the berries from 
the check plants were larger in the 1940 season than those from plots 
pruned by either the light or intermediate method. An abundant mois- 
ture supply during the growing seasons was probably largely respon- 
sible for the relatively large size and yield of berries from the lightly 
pruned and check plots. During June 1939 the rainfall was 5.39 inches, 


TABLE I — Effects of Pruning Methods on Average Yield of PlantSj 
Size of Berries and Season op Maturity of the Rubel Variety 
(Average of Ten Plants) ______ 


Treatment 

Date of Picking 

Ave. Wt. 
Berries Per 
Plant (Ozs) 

Total Yield 
(Per Cent) 

Ave. No. 
Berries Per 
Grading Cup 


1939 

1940 

1939 

1940 

1939 

1940 

1939 

1940 


Jul 2S-30 

Aug 1-3 

122.9 

6S.5 

32.6 

21.3 

157 

131 


Aug 9 

Aug 8-10 

132.5 

96.2 

35.2 

30.0 

209 

163 

Checlc, no pruning 

Aug 1&-21 

Aug 15-20 

80.3 

91.9 

21.3 

28.6 

215 

202 


Aug 28 

Aug 28-30 

31.6 

61.2 

8.4 

16.9 

256 

195 


Sep 4 

Sep 5 

9.3 

11.4 

2.6 

3.6 

274 

216 



Sep 13 


2.0 


.6 





Total 

376.6 

321.2 


Ave. 

222 

181 


Jul 28^30 

Aug 1-3 

172.9 

63.5 

62.6 

20.0 

141 

143 


Aug 9 

Aug 8-10 

76.2 

111.5 

27.4 

35.0 

176 

183 

Light method 

Aug 18-21 

Aug 16-20 

23.8 

87.4 

8.6 

27.4 

201 

224 


Aug 28 

Aug 28-30 

5.1 

42.8 

1.8 

13.4 

243 

220 


Sep 4 

Sep 5 

1.6 

10.7 

.5 

3.3 

301 

261* 



Sep 13 


2.9 


,9 





Total 

276.6 

318.8 


Ave. 

189 

204 


Jul 28-30 

Aug 1-3 

152.2 

61.7 

64.1 

24.8 

129 

135 


Aug 9 

Aug 8-10 

61.8 

89.3 

26.0 

35.9 

174 

167 

Intermediate method 

Aug 18-21 

Aug 15-20 

17.7 

65.8 

7.6 

26.4 

185 

192 


Aug 28 

Aug 28-30 

4.6 

23.7 

1.9 

9.5 

230 

225 


Sep 4 

Sep 5 

1.2 

7.2 

.5 

2.9 

228 

241* 



Sep 13 


1.3 


.5 





Total 

237.5 

249.0 


Ave. 

174 

192 


Jul 28-30 

Aug 1-3 

101.0 

39.6 

83.1 

30.8 

118 

131 


Aug 9 

Aug 8-10 

18.4 

64.2 

15.1 

42.2 

156 

160 

Moderately heavy 

Aug 18-21 

Aug 15-20 

1.7 

26.5 

1.4 

20.6 

219 

217 

method 

Aug 28 

Aug 28-30 

.3 

7.1 

.3 

5.5 




Sep 4 

Sep 5 

,1 

.8 

.1 

.6 





Sep 13 


.3 


.2 





Total 

121.6 

128.5 


Ave. 

164 

169 


Jul 28-30 

Aug 1-3 

68.3 

61.5 

93.4 

35.4 

100* 

108* 


Aug 9 

Aug 8-10 

3.4 

62,7 

6.3 

43.3 

145* 

136* 

Heavy method (Nine 

Aug 18-21 

Aug 16-20 

.4 

26.2 

.6 

18.0 

190* 

169* 

plants averaged) 

Aug 28 

Aug 28-30 

.2 

3.9 

.3 

2,7 


178* 


Sep 4 

Sep 5 

.1 

.7 

.2 

.5 





Sep 13 


.3 


.2 





Total 

62.4 

145.3 


Ave, 

145 

145 


*Less than 10 cups averaged. 





BRIGHTWELL : HIGHBUSH BLUEBERRY 


449 


1.94 inches in July, and 2.95 inches in August. The rainfall in June 
1940 was 3.81 inches, 1.34 inches in July and 7.86 inches in August. 
The large number of leaves on the lightly pruned and check plants with 
abundant moisture enabled the plants to mature a large crop as well 
as produce moderately vigorous new growth w-ell supplied with fruit 
buds for the next year’s crop. In most cases, the average size of the 
berries was larger in the late pickings in August in the 1940 season 
which may be attributed to the large supply of moisture. The average 
size of the berries probably would have been greatly reduced by a 
slight drought. 

Plants which received the most severe pruning matured a larger 
percentage of their total crop earlier in the season than those receiving 
less severe pruning. The first season 98.7 per cent of the total crop of 
plants pruned by the heavy method were harvested the first two pick- 
ings as compared to 67.8 per cent from the check plants. This was not 
so marked the second season when the range was 78.7 to 51.3 per cent. 

The data presented in Table II, show that the average yield of plants 
of the Pioneer variety decreased as severity of pruning increased. The 
average yield per plant in the check plot was 404.6 ounces compared to 
a yield of 93.4 ounces per plant in the heavily pruned plants, a difference 
of 311.2 ounces. 


TABLE II — Effects of Pruning Methods on A\trage Yield op Plants, 
Size of Berries and Season of Maturity of the Pioneer Variety 
(Average of Ten Plants) 


Treatment 

Date of Picking 

Ave. Wt. 
Berries Per 
Plant (Ozs) 

Total Yield 
(Per Cent) 

Ave. No. 
Berries Per 
Grading Cup 


1939 

1940 

1939 

1940 

1939 

1940 

1939 

1940 


Jul 10-11 

Jul 23-24 

16.5 

31.2 

3.8 

9.4 

122 

121 


Jul 19-21 

Jul 30-31 

51.3 

59.6 

12.7 

18.0 

144 

103 


Jul 24-25 

Aug 6-8 

91.9 

74.8 

22.7 

22.6 

160 

114 

Check, no pruning 

Aug 7-9 

Aug 12-14 

121,5 

96.6 

30.0 

29.2 

178 

141 


Aug 15 

Aug 21 

70.0 

37.5 

17.3 

11.8 

217 

166 


Aug 28 

Aug 30 

44.5 

30.7 

11.0 

9.3 

228 

161 


Sep 4 


10.9 


2.7 


283 




Total 

404.6 

330.5 


Ave. 

190 

132 


Jul 10-11 

Jul 23-24 

13.4 

38.2 

4.6 

12.7 

113 

121 


Jul 19-21 

Jul 30-31 

50.7 

55.7 

17.2 

18.5 

126 

105 


Jul 24-25 

Aug 6-8 

93.5 

75.0 

31.8 

24.9 

134 

123 

Light method 

Aug 7-9 

Aug 12-14 

81.1 

78.6 

27.6 

26.1 

156 

140 


Aug 15 

Aug 21 

37.9 

25.4 

12,9 

8.4 

170 

164 


Aug 28 

Aug 30 

14.9 

28.2 

6.1 

9.4 

244 

165 


Sep 4 


2,6 


.9 


270 




Total 

294.1 

301.0 


Ave. 

173 

136 


Jul 10-11 

Jul 23-24 

13.5 

46.1 

4.8 

26.2 

116 

113 


Jul 19-21 

Jul 30-31 

60.9 

41.2 

21.8 

23.4 

122 



Jul 24-26 

Aug 6-8 

109.9 

52.5 

39.4 

29.8 

128 

119 

Intermediate method 

Aug 7-9 

Aug 12-14 

66.0 

29.7 

23.7 

16.9 

146 

138 


Aug 15 

Aug 21 

23.4 

4.1 

8.4 

2.3 

174 

174 


Aug 28 

Aug 30 

6.0 

2.6 

1.8 

1.5 

228 



Sep 4 


.3 


.1 


— 




Total 

279.0 

176.1 


Ave, 

161 

130 


Jul 10-11 

Jul 23-24 

6.7 

45.0 

6,1 

26.0 

82 

87 


Jul 19-21 

Jul 30-31 

46.0 

46.5 

49.2 

26.3 

82 

87 


Jul 24-25 

Aug 6-8 

33.8 

59.4 

36.2 

34.3 

84 

96 

Heavy method 

Aug 7-9 

Aug 12-14 

7.4 

21.0 

7.2 

12.1 

94 

116 


Aug 15 

Aug 21 

.4 

1.8 

.4 

1.0 




Aug 28 

Aug 30 

.1 

.3 

.1 

.2 




Sep 4 


■ - 








Total 

93.4 

173.0 


Ave. 

85 

99 
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The average size of the berries increased with severity of pruning 
in all cases in the 1939 season, but in the 1940 season the berries from 
the check plot were slightly larger than those from the lightly pruned 
plots. 

Much of the weaker wood was removed the first season (1939) from 
the plots which were pruned. With this removal of weak wood and 
weak fruit buds, the crop was reduced and stronger and more vigorous 
wood developed on which to produce the 1940 crop. The second sea- 
son (1940) the plants from which most of the weak wood had been 
removed received a less severe pruning than in 1939 as most of the 
new growth w^as vigorous. The better wood and lighter pruning re- 
sulted in a heavier yield. The increase in total yield was generally 
accompanied by a decrease in average size of berry. 

A large number of laterals was calipered and yield records taken. 
The large laterals matured their fruit earlier than did the small laterals. 
This may explain why the heavily pruned plants which had large 
laterals matured much of their crop early in the season. 



Dates for Applying Blueberry Fertilizer^ 

By Charles A. Doehlert, New Jersey Cranberry and Blueberry 
Research Laborafo^'Vj Pemberton, N, /. 

T he object of this experiment was to find, under field conditions, 
the period during which the application of fertilizer is most effec- 
tive, The effect of applications at five different periods has been 
observed for 6 years, beginning in 1935. 

The land used in New Jersey for commercial blueberry culture is 
chiefly St. John’s sand. On plowing the virgin soil, the surface layer of 
acid muck is mixed with the underlying sand. The result is a soil that 
has a pH ranging from 5.0 to 3.8 and an organic matter content of 
2 to 12 per cent. A hardpan is usually found at a level of 8 to 40 
inches below the surface. 

The blueberry crop can usually be doubled by the proper use of a 
complete fertilizer if good drainage and pruning have been provided. 
This point is illustrated by data presented later in this paper. 

It was customary practice prior to this experiment for growers to 
commence fertilizing about May 15, which is a week after the plants 
are in abundant bloom. The early varieties of blueberries have gener- 
ally opened 10 per cent of their flower buds during the first week in 
May. A second application of fertilizer was made generally 2 or 3 
weeks later. A few growers waited until some time in June to fertilize. 
Harvest usually commences June 20 for the main early variety 
(Cabot) and July 7 for the variety used in this experiment (Rubel). 

Plan of Experiment 

A row of 70 Rubel plants in the Bluebog field of Joseph J. White 
Inc. was used. Rubel is a strong-growdng, productive variety and is 
well suited to this locality. The plants were 6 years old and bore at 
the rate of 97 bushels per acre (all plots) in the first year of the 
experiment, evidence of good blueberry land well managed. The rows 
are planted alternately wdth Rubel and Pioneer for the purpose of 
cross pollination. This made it impossible to have two or three shorter 
rows of one variety adjacent to one another. 

Ten-inch boards 3j4 feet long were set on edge in the soil to separate 
each plant from its neighbors. These boards extended through the 
topsoil (to which the blueberry roots confine themselves) and into 
the clear sand subsoil for a distance of about 2 inches, forming an 
effective root barrier. 

A few plants on each end of the row were discarded because of 
soil variation, and the remaining 60 plants were divided into groups 
of 6 each. Within each group the six experimental treatments used 
were located at random, providing 10 replications. 

Fertilizer was used at the rate of 600 pounds per acre (7 ounces 
per bush) and was made up as follows : 450 pounds calciuin nitrate ; 
450 pounds nitrate of soda; ®X) pounds rock phosphate; and 300 
pounds sulfate of potash. This treatment was the recommendation of 

^Journal Series Paper of the New Jersey Agricultural Experiment Station, 
Cranberry and Blueberry Research Laboratory. 
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this Station to the blueberry industry in 1937 and has been found satis- 
factory over a wide range of conditions. It contains 7 per cent nitrogen, 
12 per cent phosphoric acid, and 7 per cent K^O. 

One of the treatments is “no fertilizer” to demonstrate the pro- 
portionate magnitude of the differences between the fertilizer treat- 
ments as compared with the gain over no fertilizer at all. The treat- 
ments w’ere as follows : 

April 1 and April IS, 300 pounds per acre each date. 

x^pril 15 and May 1, 300 pounds per acre each date. 

j\Iay 1 and May 15, 300 pounds per acre each date. 

June 1 and June 15, 300 pounds per acre each date. 

May 1, May 15, and October 15, 200 pounds per acre each date. 

No fertilizer. 

The divided application with a short interval was used to afford pro- 
tection against burning and, at the same time, concentrate the effect 
of the fertilizer into a short period. 

The fertilizer was broadcast over the area occupied by the roots of 
the bushes which is roughly a square 4 feet on each side. After broad- 
casting, the fertilizer w^as worked into the soil to a depth of about 
1 Yt inches by means of an ordinary iron garden rake. Deeper stirring 
than this is impractical because of the dense mat of roots the blueberry 
plant forms in the upper layer of the soil. At each, fertilization, the 
whole row was raked so that the tillage effect might be kept uniform. 


Results 

Weather had two very large general effects. In 1936, frost on May 
IS and extremely hot weather July 9 to 12, reduced the crop to about 
half of normal. In 1938, abundant moisture and temperatures con- 
sistently somewhat above normal were responsible for a crop of twice 
the normal size. 


The average for the 50 fertilized plots combined was, in bushels 
per acre: 98 in 1935; 43 in 1936; 113 in 1937; 199 in 1938 : 97 in 
1939; and 107 in 1940. 

^ A summary of results is presented in Fig. 1, which shows in relative 
yields, the annual crop for each treatment. Each bar represents the 

average crop on 10 plots. 
For any particular year, 
the value of 100 repre- 
sents the average yield of 
the SO fertilized plots 
during that year. 

The most striking fea- 
ture of Fig. 1 is, of 
course, the rapid and 
great decline in produc- 
tion on the unfertilized 
plots. For the last four 
years, the unfertilized 
plots have averaged 47 
per cent of the crop on 



Fig. 1. Yield of blueberries with different 
dates of fertilizer application. 
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TABLE I — ^Average Blueberry Yields (Ounces per Plant) 
10 Replications Each Treatment 



Yields With Various Dates of Application 

No 

Fer- 

tilizer 

Coefficient 

of 

Variation 

Year 

Apr 1 
and 15 

Apr 15 
and May 

1 

May 1 
and 15 

June 1 
and 15 

May 1 
and 15 
and 

Autumn 

1935 

66 

73 

65 

59 

70 

64 

17.3 

1936 

30 

33 

26 

27 

29 

20 

29.6 

1937 

79 

87 

74 

67 

77 

37 

24.7 

1938 

110 

137 

125 

156 

152 

90 

32.0 

1939 

71 

70 

69 

62 

58 

26 

30.2 

1940 

66 

73 

87 

72 

76 

27 

32.5 


5-Year Means^ 1036 to IQ40 


Ounces per plant*. 69 

80 

76 

77 

78 

40 

— 

Bushels per acre . , 101 

117 

111 

1 113 

114 

59 

— 


*Standard deviation of any one mean 10.5 ounces. 

Standard error of difference between two means 6.6 ounces. 
Difference required to show odds greater than 19 :1 13.77 ounces. 


the fertilized plots. It is also notable that in the first year, 1935, the 
production of the unfertilized plots was normal, as indicated by the 
relative value of 96. This is to be expected, since the crop matures early 
in the season and is determined largely by the food reserves in the 
fruiting laterals. During the first year that a plant is left unfertilized, 
the ripening crop absorbs most of the energies and resources of the 
plant ; usually a good showing is made in terms of fruit but the w’ood 
and food reserves produced are sufficient only for a poor crop in the 
following season. With the earliest treatment, April 1 and 15, there 
has been a downward trend in spite of the large yield in 1939. With 
the second early treatment, April 15 and May 1, there has been little 
change in relative productivity. This is likewise true for the autumn 
combination. With the two middle treatments there has been some 
improvement in production. Of the five fertilizer treatments, the 
earliest is the only one which appears at a disadvantage. 

Table I presents the annual average yields obtained in ounces per 
plant and the 5-year means for the years 1936 to 1940. Transposed 
to bushels per acre, these 5-year means range from 101 to 117 bushels 
for the fertilized plots and 40 bushels for the unfertilized. Beginning 
with the second year of the experiment, the coefficient of variation 
is fairly uniform. Since the first year yields could not show the effect 
of treatments, they were dropped from consideration, and the remain- 
ing averages were treated as five replications of the various treatments. 
Analysis shows that the standard deviation for any 5-year mean is 
10.5 and the standard error of the difference between two 5-year means 
is 6.6. Using Fisher's table of t, we find that if the odds are to be 
19 to 1 against a difference being due to chance, such a difference must 
be greater than 13.77 (n = 20 and t = 2.086). 

The very low yield obtained with the *'no fertilizer" treatment is 
highly significant and leaves no room for doubt as to the importance 
of fertilizer. 

The greatest difference between fertilized plots occurs between the 
two earliest treatments. In 1938 this difference was 27 ounces and 
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ill 1940 it was 17 ounces. In 1939, however, the yields were practically 
identical, and in 1936 and 1937 the diiferences were small. The diiBfer- 
ence between the 5-year means is 1 1, the odds being 9 to 1 that this 
is not due to chance. 

Over a period of five years, then, no one fertilizer treatment has 
resulted in significantly higher yields than any other. 

The April 1 and 15 treatment produced yields low enough to serve 
as a caution against fertilizing on a commercial scale before April 15. 
Since the buds usually break open during the latter half of April, it is 
possible that the second portion of this treatment could be well 
utilized while only the first portion was too early. 

Conclusions 

New Jersey blueberries may be fertilized to good advantage at any 
time during the period April 15 to June 15. 

When the year’s quota of fertilizer was divided into three equal 
parts, the last being applied in October, yields obtained were as good 
as those on plots receiving the full fertilizer in the spring. 

During the last 4 years of the experiment, the plots receiving com- 
plete fertilizer produced twice as much fruit as the plots receiving 
no fertilizer. 



Effect of Mulches and Fertilizers on Yield and Survival 
of the Dryland^ and Highbush^ Blueberries® ^ 

By Amihuu Kramer, E. L. Evinger, and A. L. Schrader, 
University of Maryland, and Soil Conservation Service, 
College Park, Md, 

T he culture of horticultural varieties of the highbush blueberry, 
Vaccinium corymbosum (L.), has been receiving considerable 
attention for the past three decades. However, there has been practi- 
cally no work done with the dryland blueberry, V. vacillans (Torr.). 
There are thousands of acres of natural stands of dryland blueberries 
throughout the south and central regions of the Atlantic Coast. 

This latter species, because of its low and spreading type of growth, 
is a valuable plant from the standpoint of soil conservation and also 
as a source of supplemental farm income. This experiment has, there- 
fore, been undertaken in order to find a method by which this species 
may be readily transplanted, and also, to find some treatment that 
might increase the yield of marketable fruit and at the same time 
give maximum protection against soil erosion. 

Materials and Methods 

Thirty-six blocks, 33 by 26.4 feet each, were laid out in the form of 
a Latin square. In March 1939, four rows of dryland blueberry plants 
and one row of named varieties of highbush blueberries were planted 
in each block. Each row consisted of eight plants, spaced 3.3 feet apart, 
and the rows were 6.6 feet apart, so that each plant occupied an area 
of one half millacre. The row of highbush plants consisted of four 
2-year-old plants of the Pioneer variety, alternating with four plants 
of the Concord variety. 

After planting, the following treatments were applied in each block: 
the horticultural varieties and one of the dryland blueberry rows re- 
ceived a fertilizer application of 5-10-5 (N-P2O5-K2O) at the rate 
of 400 pounds per acre. Another row was treated with ammonium 
sulphate at the rate of 100 pounds per acre, while in a third row, the 
kind of mulching material that was to be used in the block was placed 
in trenches on either side of the plants. The remaining row in each 
block remained untreated. 

The fertilizer treatments were applied in June 1939, and repeated 
in June 1940. In May 1939* four mulching materials were placed on 
some of the blocks, six replicate blocks being used for each material, 
the blocks being chosen by randomization, modified to suit the Latin 
square arrangement The several materials were: horticultural peat 

’^Vaccinium vacillans, or as it is recently being called, V, pallidum, 
Waccinium corymbosum, 

®A cooperative study by the Department of Horticulture, University of Mary- 
land, and the Hillculture Division, Soil Conservation Service, United States 
Department of Agriculture, Scientific Contribution No. 526, Maryland Agri- 
cultural Experiment Station. 

*The work on these plots was carried out by T. A. Alexander during the 
of 1939. 
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TABLE I—SOIL Moisture, Acidity, Organic and Available Mineral 
Contents as Affected by Mulch Applications (May 25 , 1939 ) 


Mulch 

1 

pH 

Ca* 

Mg* 

Al* 

Fe* 

No,* 

NH,* 

p* 

K* 

Mn* 

Organic 

Matter 

(Per 

Cent) 

Moisture 

(Per 

Cent) 

Check 

4.5 

2 

2 

32 

6 

6 

6 

0 

5 

6 

0.6 

10.91 

Peat-sawdust. 

4.5 

4 

3 

30 

10 

6 

6 

0 

4 

10 

1.2 

18.33 

Pine leaves . . . 

4.7 

4 

4 

28 

10 

6 

6 

0 

4 

14 

1.1 

19.83 

Oak leaves ... 

4.7 

2 

5 

32 

10 1 

6 

6 

0 

6 

12 

1.1 

19.71 

Straw. 

4,6 

1 

1 

28 

8 

6 

6 

0 

5 

11 

0.7 

18.44 

Lespedeza 
cover 

4.8 

4 

5 

30 

6 

6 

6 

3 

3 

6 

0.8 

11.22 


♦Totals for six replicates; values obtained by converting “trace” to 1, “low” to 3, “medium” 
to 5, and “high” to 7. 


covered with sawdust to keep the peat from blowing off, pine leaves, 
oak leaves, and stra-w. Annually reseeding lespedeza was planted in one 
set of blocks, and another set of blocks was left as a clean cover check. 

Soil samples w^ere taken in May 1939, before fertilizer treatments 
were applied, in July, after fertilizer application, and again in Sep- 
tember 1940. Soil moisture was determined, and quick tests of mineral 
nutrients and organic matter were made by the University of Maryland 
Soils Department in the laboratory of R. P. Thomas. A record was 
taken of the number of plants surviving in each row in June 1940. 
Data on yield and number of bearing plants were obtained in July 1940. 

Results 

A summary of the soil data before fertilizer application in 1939 is 
given in Table I, and after fertilizer application in Table 11. The soil 
acidity is expressed in pH, and soil moisture and organic matter on a 
per cent basis. The quantities of available mineral elements were 
described as absent, trace, low, medium, or high. In order to facilitate 
tabulating and summarizing of the data, these descriptive terms were 
converted into numerical values. Thus, trace was ascribed the value of 
one; low, three; medium, five; and high, seven. The total of values 
obtained for the six replicates of each treatment were placed in the 
tables. 


TABLE II — Soil Moisture, Acidity, Organic and Available Mineral 
Contents as Affected by Mulches and Fertilizers (July 28 , 1939 ) 


Mulch 

pH 

Ca* 

Mg* 

Al* 

Fe* 

Noa* 

NH 4 * 

p* 

K* 

Mti* 

Organic 

Matter 

(Per 

Cent) 

Moisture 

(Per 

Cent) 

Check 

4.5 

4 

5 

30 

6 

6 

6 

6 

3 

12 

1.0 

11.19 

Peat-sawdust. 

4.6 

6 

4 

26 

8 

6 

6 

6 

1 

24 

1.0 

18.72 

Pine leaves. . . 

4.6 

6 

6 

26 

12 

6 

6 

6 

3 

22 

1,2 

18.18 

Oak leaves . . . 

4.7 

5 

7 

26 

12 

6 

10 

6 

3 

20 

1.1 

18.22 

Straw 

4.7 

5 

7 

26 

12 

6 

10 

6 

0 

19 

1.0 

17.92 

Lespedeza 1 













cover 

4.5 

6 

6 

30 

6 

10 

16 

6 

8 

20 

0.9 

8.53 

^10-5 j 

4.7 

6 

6 

t 

26 

1 

10 

8 

10 

6 

3 

24 

0.9 


Ammonium . 




Sulphate. . 
Mulch : 

4.5 

5 

1 5 

1 

1 26 

1 

14 

6 

20 

6 

2 

24 

1.0 

— 

trenched ... 

4.6 

6 

6 

i 26 

6 

6 

6 

6 

2 

10 

1.5 


Mulch only. . . j 

4.7 ! 

6 

1 6 

24 

16 

6 

6 

6 

1 

18 

1.0 

— 


♦Total for six replicates; values obtained by converting “trace” to i. “low” to 3. “medium” 
to 5, and "high” to 7. 
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TABLE III — Soil Moisture, Acidity, Organic Matter, and Available 
Mineral Contents as Affected by Mulches 
(September, 1940) 


Mulch 

pH 

Ca* 

Mg* 

Al* 

Fe* 

N 03 * 

NH 4 * 

p* 

K* 

Mn* 

Organic 

Matter 

(Per 

Cent) 

Moisture 

(Per 

Cent) 

Check 

4.0 

0 

2 

30 

14 

8 

30 

0 

0 

14 

1.1 

12.76 

Peat 

4.1 

0 

0 

34 

18 

6 

30 

0 

0 

22 

0.9 

18.21 

Pine 

4.0 

0 

0 

30 

22 

4 

26 

0 

0 

10 

1.4 

17.73 

Oak 

4.2 

0 

8 

26 

34 

6 

26 

0 

0 

18 

1.6 

20.39 

Straw 

4.3 

0 

2 

34 

26 

6 

30 

0 

0 

22 

0.8 

16.95 

lespedeza. . . . 

4.0 

0 

2 

34 

10 

4 

30 

0 

i 0 

18 

1.0 

13,71 


*Totals for six replicates. 


Soil acidity was apparently little affected by mulches or fertilizers. 
Soil moisture was approximately the same under all the mulches, 
although almost double the moisture content of the clean cultivated 
blocks. Soil moisture under the lespedeza cover was even lower than 
in the check blocks. 

In regard to the mineral content (Tables I, II), calcium and mag- 
nesium, which were less than a trace, were only slightly increased after 
fertilizer application. Aluminum, iron, and nitrogen were little affected, 
while there appeared to be an increase in phosphorus and manganese, 
and an actual decrease in potassium, between May and July of 1939. 
Nitrate, ammonium nitrogen and potassium content of the lespedeza 
plots were apparently increased by the addition of the fertilizer. Am- 
monium sulphate application increased the ammonium content of the 
rows to which it was added, but addition of the complete fertilizer had 
little effect on the content of the rows so treated. 

Soil data for the samples taken in September 1940, are given in 
Table III. Apparently, during the elapsed period of 14 months since 
the previous set of samples was taken, the pH value was lowered, and 


TABLE IV — Plant Loss of Horticultural Varieties of Highbush 
AND Native Dryland Blueberries, as Affected by Mulch 
AND Fertilizer Treatments 


Treatments 

Mulches 

Clean 

Cover 

Peat 

Pine 

Oak 

Straw 

Lespedeza 

(Numba 

Horticultural varieties 

Dryland blueberries 

Mulch only 

Mulch trenched 

Ammonium sulphate 

Complete 5-10-5 

Difierence reqtaired for significance 

F values for: 

Mulches 21.54** 

Treatments 16.03** 

Replicates (east-west) 1.72 

Replicates (north-south) 4.18** 

of Plank 
1 

3 

1 

5 

7 

5.16t 

r I^st of a 
2 

13 

1 

18 

19 

Possible 4 
2 

24 

16 

14 

21 

iS) 

9 

25 

24 

24 

23 i 

4 4 

21 9 

25 4 

25 5 

34 12 


tGreatest standard deviation between any two of the mean values in the table, times two was 
10.5; therefore, if the variance method of analysis is not considered valid, since data are discr^, 
there yet reinain ixmny signihcant diSer^oes. 

*Sgnificant beyond the 6 per cent point. 

^♦Significant beyond the 1 per cent point. 
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along with it, the available calcium, magnesium, potassium, and phos- 
phorus approached the vanishing point, regardless of treatment. Soil 
moisture remained essentially the same, while available ammonium 
increased to a remarkable extent, indicating that reduction processes 
were predominant in the soil. 

The survival of the plants is shown in Table IV, as the number of 
dead plants out of a possible total of 48. The survival of the horti- 
cultural varieties was comparatively good under all conditions, since 
only a total of 22 out of 288 plants failed to survive until June 1940. 
Oak leaf mulch caused a significant increase in the number of dead 
horticultural plants. 

The survival of the dryland blueberry plants was significantly 
affected both by the mulch and the fertilizer treatments. All four 
mulching materials significantly reduced survival, and additions of 
complete fertilizer to the peat and straw mulches tended to further 
decrease survival. Trenching of pine leaves in the root zone and addi- 
tion of ammonium sulphate improved plant survival under the pine 
leaf mulch, but there still remained a lower survival than the survival 
of the check or lespedeza blocks. Practically all loss of plants, however, 
was eliminated wdien peat was trenched into the root zone. 

The number of bearing plants (Table V) was closely related to the 
number surviving. Thus, the greatest number of bearing plants was 
found in the check arid lespedeza blocks. 

Since the check blocks contained by far the greatest number of 
bearing plants, the yield of the check plots of the horticultural varieties 
(Table V) was not significantly different from the yield of the peat 
mulched plots, and significantly higher than the yield of the mulch 
treated plots. However, when the yields were adjusted by the use of 
analysis of covariance, for variations in the number of bearing plants, 
it became evident that independently of the number of bearing plants, 
the yield of the peat mulched plots was more than 100 per cent higher 
than the yield of the check plots ; and that pine, oak, and straw mulches 
resulted in higher, though not significantly higher yields than the check 
plots, and only the lespedeza plots gave a lower yield than the clean 
cover check plots. 

The yield data of the dryland blueberry plants show similar results 
in response to the mulches, but the yields were too low to receive much 
emphasis. 


TABLE V— Yield in Ounces of Horticultural Varieties of Highbush 
Blueberries as Affected by Mulches and Fertilizer Treatments 


Mtilcb.es 

Yield 

Plants 

Yield Adjiisted 



Bearing 

By Covariance 

Cbedc 

89.0 

39 

40.7 

Peat 

84.3 

19 

91.8 

Pine. 

58.2 

21 

60,2 

Oak 

10.2 

9 

45.7 

Straw 

47.9 

19 

55.4 

lespedeza 

32.2 

23 

28.6 

IDiffeaDence reqttirad for significance 

— 

— , 

30.14 

miiiches 




3.83* 


’•significant beyond the 5 per cent point. 
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From the soil erosion standpoint, lespedeza cover and the peat- 
sawdust treatments were most effective, while the clean cover check 
allowed considerable loss of soil. 

Discussion 

The apparently paradoxical results of the inverse relation between 
survival and yield are difficult to understand. It is possible that the 
tremendous increase in organic matter applied in the form of the mulch 
material caused temporary nitrogen starvation which in turn caused 
early loss of plants. If such were the case, then the application of 
nitrogen carrying fertilizers should have corrected the situation. The 
not-significant improvement in survival effected by the application of 
ammonium sulphate to the pine mulched rows might indicate that the 
quantity of nitrogen applied was insufficient to entirely overcome the 
condition of nitrogen starvation early in the season. 

Darrow and Magness (3), who obtained a large improvement in 
stand as well as in cane growth and yield of red raspberries as a result 
of straw mulch applications, added 600 pounds per acre of nitrate of 
soda in two applications each year. 

Applications of complete fertilizers in 1939, however, if they had 
any effect at all, tended to decrease survival. It may possibly be that 
certain toxic substances in the mulch materials were released, and 
caused the higher mortality among the dryland blueberry plants. Sup- 
port for such a possibility may be found in the work of Midgley and 
Dunklee (7) who reported that acid soils became toxic when limed 
because the tannins present in the organic matter became activated. 
Additional Vermont work (4) indicates that most woods, litters, 
straws, manures, and even peat moss, when treated with strong acids, 
release toxic substances. These toxic materials appear to be definitely 
related to the organic fraction of the soil, and their effect is independent 
of organisms, since the toxicity persists in sterilized soils. Crops in the 
seedling stage are most seriously affected. 

If similar forces become active upon the additions of large quantities 
of organic matter in the form of mulch on soils of high acidity, then it 
becomes probable that the dryland blueberry plants used in this experi- 
ment were primarily affected during a short period following their 
transplanting, but after once becoming established, the better moisture 
conditions (Tables I, II) and perhaps a more favorable soil tempera- 
ture (3) existing under the mulches resulted in higher yields of the 
plants that survived the transplanting period. 

In view of the above, the improvement in both survival and yield 
obtained upon trenching some of the mulching materials alongside the 
root zone might be explained by the probability that the toxic materials 
of the organic matter leached down, rather than laterally, so that the 
toxic materials from the mulch on the surface leached down into tiie 
roots, while similar materials from the trenched organic matter did not 
come into direct contact with the roots, but did improve moi^ure 
conditions, and perhaps gradually supplied the plants with more avail’^ 
able nutrients, and possibly phytohormones. 

The negative effect of fertilizer application on survival, and the 
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accumulation of ammonium, observed in this experiment, and also the 
results of Beckwith, Coville, and Doehlert (1) that led them to warn 
against too generous fertilization of newly planted fields, indicate that 
not only the quantity but also the source, time and method of appli- 
cation of the fertilizer are important in obtaining favorable responses 
in the form of blueberry plant growth and yield. 

The peat-sawdust mulch gave significantly higher yields than the 
other mulches. This may be due, in part at least, to the calcium, 
sulphur, and boron, which may be present in the peat in an available 
form (5). 

Preliminary root measurements indicate remarkable differences in 
root distribution under the peat mulch in contrast to plants under no 
mulch. The lateral root spread from the main stem of plants under peat 
averaged 32 inches and was limited almost entirely to the 3-inch layer 
of the mulch itself, while the lateral spread of the check plants averaged 
only 12 inches, but the roots penetrated to a depth of 9 inches. Such 
a condition indicates that the peat mulch, and the other mulches to a 
lesser degree, would be instrumental in checking soil erosion at first 
by their presence, and later by the network of blueberry roots which 
developed more rapidly, and over a wider area than the roots of plants 
not mulched. 

The decrease in pH and the decrease to the vanishing point of avail- 
able calcium (compare Tables II and III) , together with the knowledge 
that peat is a source of available calcium (5, 9), and that there prob- 
ably was a lack of aeration which resulted in the accumulation of 
ammonium, all point to the probability that blueberry plants grown on 
the soils used in this experiment would benefit from lime application. 
Such a conclusion is in agreement with Chandler's (2) results, and in 
contrast to the results of Merrill (6). 

Summary and Conclusions 

Horticultural varieties of the highbush blueberry Vaccinium corym- 
hosum, and naturally occurring plants of the dryland blueberry V. 
vacillms were planted in a 6 by 6 Latin square on acid silt loam soil 
at Beltsville, Maryland. Six mulching and cover crop treatments and 
four fertilizer treatments were applied in the spring of 1939, and the 
fertilizer treatments were repeated in the spring of 1940. Data that 
were obtained on soil conditions, yield, and survival of the blueberry 
plants were treated by the analysis of variance and covariance methods, 
with the following significant results : applications of mulch decreased 
the survival of the dryland blueberries but increased the yield of the 
highbush blueberries and dryland blueberries. Peat mulch in particular 
increased yield and root spread. Ammonium sulfate and complete ferti- 
lizer had little effect on improving survival, but did improve yield. 
Trenching of the mulching material, especially peat, alongside the root 
zones, greatly improved survival and yield. Peat-sawdust mulch, and 
lespedeza cover gave the best control of soil erosion. The lespedeza 
coyer, however, reduced the yield of blueberries. 

In view of the above results the following procedure may be recom- 
mended : upon transplanting, some organic material, preferably peat, 
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mixed with a small amount of nitrogen carrying fertilizer (nitrate, if 
the soil is acid) should be trenched in around the roots (possibly 
mixed with the soil as suggested by Tukey and Erase (8)), but not 
in direct contact with them. After the plants have become established 
and made some new growth, a mulch, preferably peat, should be 
applied. Complete fertilizer may then be added. 

The above procedure would modify the usual practice of applying 
mulch and fertilizer directly after transplanting. 
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The Effect of Soil Temperature on the Growth of 
Cultivated Blueberry Bushes^ 

By John S. Bailey and Linus H. Jones, Massachusetts 
State College, Amherst, Mass. 

S OIL temperature has been shown to have several important effects 
on the growth of plants. For good reviews of the subject see Jones 
(4) and Kramer (5). Among the effects reported is a reduction of 
growth rate and the appearance of a chlorotic condition of Gardenia 
at low soil temperatures (4) . Since a similar chlorosis appears at times 
on cultivated blueberries (1), it seemed possible that this blueberry 
chlorosis might be related to soil temperature. Also, there might be 
other effects. 

Accordingly, an experiment was set up in the soil temperature ap- 
paratus used by Jones (4) and described by Fuller and Jones (3). 
The plants used were 3-year-old nursery grown Rubel plants. Sixty- 
five of these plants were dug in November, 1939, potted in 6-inch clay 
pots, and placed in a storage cellar at about 40 degrees F to go through 
the rest period. On February 19, 1940, 32 uniform plants were 
selected and transferred to the containers of the soil temperature ap- 
paratus, using soil from the nursery where the plants had grown. All 
weak wood and fruit buds were removed. The soil temperature was 
held at 70 degrees F for 2 weeks until the plants had had a chance to 
establish themselves in their new environment. On March 4, 1940, the 
temperature in the temperature tanks was adjusted to give the follow- 
ing series of soil temperatures: 90, 85, 80, 75, 70, 65, 60, and 55 
degrees F. Four plants were used at each temperature. The air tem- 
perature, although it increased considerably on bright sunny days, was 
lield most of the time near 70 degrees F. The experiment was continued 
till June 19, 4 months, when the height and total linear growth of the 
plants w^ere measured and the experiment discontinued. 

The first noticeable result was the wilting of the plants at the two 
lower temperatures, particularly those at 55 degrees F which wilted 
within 2 hours after the temperature of the water in the temperature 
tanks was changed. After a few days the plants became adjusted to 
the new soil temperature and stopped wilting. This phenomenon has 
been reported by Jones (4) and Kramer (5). 

Although a chlorosis similar to that mentioned above (1) appeared 
on some plants a month after the experiment was started, its relation 
to soil temperature was not marked ; there was only a slight suggestion 
of more chlorosis below 70 degrees F than above it. 

The plants at soil temperatures below 70 degrees F were slower in 
starting than those above. This is shown in Table I by the average 
number of growing points which had started per plant on March 8, 
4 days after the differential soil temperatures were set up. The aver- 
age number of growing points started above 70 degrees F is variable 
but consistently higher than the average number started below 70 
degrees F, 

^Contribution No. 397 of the Massachusetts Agricultural Experiment Station. 
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TABLE I — Growth of Blueberry Plants in Soil Temperature Tanks 

(1940) 



♦Three plants in these averages instead of four, one plant died. 


Soil temperature greatly influenced total linear growth and height 
of the plants as shown by the results in Table I and Fig, 1. The higher 
the temperature, the greater is the total linear growth. Height of the 
plant also increases as the soil temperature increases. This correla- 
tion is apparently not so good as that for total linear growth. Since the 
height of blueberry plants is not a very good measure of their response 
to any treatment, this is 


to be expected. 

That the growth of 
blueberry plants should 
be correlated with soil 
temperature agrees with 
the results of other work- 
ers in this field. Jones 
(3) reported that both 
growth rate and leaf size 
of Gardenia veitchii are 
correlated with soil tem- 
perature. Batjer, Mag- 
ness, and Regeimbal (2) 
reported reduced growth 
rate and reduced total lin- 
ear growth of apple trees 
at low soil temperatures. 

Although it is not 
shown by the figures, 
there appeared to be a 
change in the type of 
growth between 65 and 
70 degrees F. Plants 
growing at a soil tem- 
perature of 70 degrees F 
or above tended to be tall 
and upright ; plants grow- 
ing at a soil temperature 
of 65 degrees F or below 
tended to be short and 
spreading. 



55 60 65 TO 76 80 85 90® F. 

12.8 15.6 16«3 21*1 2S.8 25.7 29.A 52.2® C. 


Soil Ta)i|>erat«r» 

Pig. 1, Effect of soil temperature on the 
height and linear growth of cdtivatsed 
blueberry bushes. 
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As a result of growing Rubel blueberry plants at a series of soil 
temperatures from 55 to 90 degrees F, (a) the plants at 55 and 60 
degrees F first wilted but shortly recovered; (b) both total linear 
growth and height were found to be related to soil temperature ; and 
(c) plants above 65 degrees F seemed to grow tall and upright; those 
at 65 degrees F and below, short and spreading. 
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The Effect of Lime Applications on the Growth of 
Cultivated Blueberry Plants^ 

By J. S. Bailey, Massachusetts State College, Amherst, Mass. 

F or a number of years after Coville (3) laid the foundation for 
blueberry culture, it was assumed that lime was detrimental to the 
growth of blueberries. 

Johnston (4) showed Im, 
that they grow best in a 
very acid sand or muck 
at pH 4.4. More recently 
Chandler (2) and Mer- 
rill (5) reported that un- 
der the conditions of their 
experiments lime was 
beneficial to blueberries. 

That this is not always so 
will appear from the re- 
sults of these experi- 
ments. 

On May 11 and 12, 

1934, two series of ex- 
periments were set up 
using 3-gallon glazed 
earthenware crocks. The 
soil used was a Merri- 
mac fine sandy loam with 
a pH of 4.6. The crocks 
in series 1 were filled 
with 17 kilograms of soil ; 
those in series 2 with 14.5 
kilograms of a mixture 
of 95 per cent soil and 
5 per cent (by weight) 
of German peat, Grade 
GPM. Each series was 
divided into seven treat- 
ments of three crocks 
each and the soil treated 
with lime ; 0, 10, 20, 30, 

40, 60, or 80 grams per 
crock. The soil for each 
crock was weighed sepa- 
rately, the desired 
amount of lime mixed 
thoroughly with it and it 
was then placed in the 
crock. A 2-year-old Ru- 


pH 


7.0 


6.5 


6.0 


5.0 


4.5 


4.0 


0 10 20 30 40 $0 80 

Grams of liras psr orook 

Fig. 1. Effect of lime on the soil pH and 
growth of blueberry plants — 1935. 
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7.0 


6.5 


6.0 


5.5 


5.0 


4.5 


4.0 
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80 


Fig. 2. Effect of lime on the soil pH and 
growth erf blueberry plants — 1935. 


^Contribution No. 398 of the Massachusetts Agricultural Experiment Station. 
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bel plant was set in each crock. 

A' • t 1 Probably due to cold injury the 

iineax* growth, 19^ preceding winter, most of these 

\ Average total plants died SO all plants were re- 

\ nil „ placed May 10, 1935. 

\ ^ Table I shows the change in 

250 \ pH and the average total linear 

I 6 •«> growth and average height growth 

\ per plant in inches after one year’s 

\ ^ 6.20 growth. These results are shown 

\ I graphically in Figs. 1 and 2. 

200 \ I 6.00 In the spring of 1936 this ex- 

\ / periment was discontinued and 

l / 6-80 another set up. The same type of 

\ I soil from the same source was 

I I s.eo again used in 3-gallon glazed 

jgo \ / earthenware crocks. This time 10 

\ / S.40 kilograms of soil were used per 

\ / crock and 1 3-year-old Rubel 

X. j 5.20 plant was set in each crock. A 

j series of lime treatments, five 

\ / 5.00 crocks per treatment, was set up 

\ j as follows: 0, 5, 10, 20, and 40 

\ / 4.80 gJ* 2 ims of lime per crock. In these 

y experiments the lime was again 

A 4.68 thoroughly mixed with the soil. 

/ \ ’In the spring of 1937 each crock 

^ J \ ^ received 1 gram of nitrate of soda. 

V * results are presented in Table 

/ ..n II and Fig. 3. 

/ visible result of the 

/ lime applications was the appear- 

^ ^ ance of chlorosis similar to that 

Grams of lime per crock reported in 1937 ( 1 ) . All the 

Fig. 3. Effect of lime on soil pH limed plants showed at least a 
and growth of blueberry plants. little chlorosis, which increased 

slightly with time and consider- 
ably with increase in the amount of lime. 

The results show without question that under the conditions of these 
experiments (a) lime was detrimental to growth of cultivated blue- 
berries and (b) the addition of 5 per cent of peat to the soil reduced 
slightly the had effect of the lime. It is interesting to note in Table II 
that although 5 grams of lime did not increase the soil pH permanently 
above that of the unlimed soil, the lime reduced the growth of the 
plants by 55 per cent. 


0 6 10 20 40 

Grams of lime per crock 

Fig. 3. Effect of lime on soil pH 
and growth of blueberry plants. 


_ Although these experiments do not deal with surface applications of 
lime, they do suggest that after the lime has become fully effective 
undesirable results may follow heavy surface applications. 
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TABLE I— Effect of Lime on the Soil pH and Growth of Blueberry 

Plants (1935) 


Grams of Lime 

Per Crock 

Lime 

(Pounds Per 
Acre) 

Soil 

pH 

Oct 23, 1935 

[ 

Average Total 
Linear Growth 
Per Plant 
(Inches) 1935 

Average Total 
Height Growth 
Per Plant 
(Inches) 1935 

0 

0 

Soil 

4.60 

35.3 

11.7 

10 

1176 

5.20 

42.0 

18.3 ' 

20 

2352 

5.50 

34.3 

10.0 

30 

3628 

5.65 

31.7 

13.3 

40 

4704 

5.75 

21.7* 

9.0* 

60 

7056 

6.75 

29.5* 

13.0* 

80 

9408 

6.75 1 

25.0 

9.3 

0 

0 

Soil and Peat 

4.80 

64.7 

28.0 

10 

1379 

5.00 

66.0 

21.7 

20 

2756 

5.30 

46.0 

16.0 

30 

4137 

5.70 

35.7 

15.0 

40 

5512 

5.95 

26.7 

9.7 

60 

8274 

6.45 

34,3 

11.7 

80 

11024 

6.65 

22.0 

9.3 


♦One plant died. 


TABLE II — Effect of Lime Applications on Soil pH and Growth of 
Blueberry Plants (1936 and 1937) 


Grams of 
Lime Per 
Crock 

Pounds of 
Lime Per 
Acre 

Soil pH 
June 26, 
1936 

SoUpH 
August 21, 
1936 

Soil pH 
July 15, 
1937 

Average Total Linear 
Growth Per Plant 
(Inches) 

1936 

1937 

0 

0 

4.55 

4.60 

4.02 

43 

284 

5 

1000 

5.00 

4.80 

4.02 

35 

129 

10 

2000 

6.30 

5.40 

4.39 

41 

116 

20 

4000 

6.30 

6.30 

4.94 j 

26 

37 

40 

8000 

7.25 

7.10 

6.20 : 

21* 

26* 


♦Only two plants lived. 
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Chromosome Numbers of Some Species and Varieties of 
Vaccinium and Related Genera' 

By Earl H. Newcomer, Michigan State College, 

East Lansing, Mich, 

W ITH the exception of the work of Coville (1, 2) and Longley (4) 
in this country and a few scattered papers by Scandinavian 
workers, there seems to have been little done in the cytogenetics of 
the cultivated blueberry and related species and genera. Since an active 
breeding program has been in operation for the past 25 years and 
although many desirable new selections and hybrids have been intro- 
duced, a more extensive cytogenetic and taxonomic investigation of 
the group would seem to be indicated for the elucidation of present 
problems as well as for the possible opening of new fields or the sug- 
gesting of new directions for future breeding work. 

The genus Vaccinium apparently consists of a series of eupolyploid 
species with a basic genom of 12, or perhaps six chromosomes. Inter- 
specific compatibility is variable and is usually, but not always, deter- 
mined by chromosome number, as Longley has shown. With tetra- 
ploidy the group seems to have reached its optimum in range, with 
the exception of Vaccinium ttUginosimi, which extends into the Arctic 
and is circumpolar in distribution, and is apparently a diploid form 
(3), although closely associated with a tetraploid variety of the species. 

The present study constitutes a survey of materials which were 
rather readily available and is preliminary in nature, observations 
being largely limited to the chromosomes of the meiotic metaphases. 
Counts were made on many of the commercially grown varieties and 
hybrids of F. corymbosum, in an effort to learn whether aneuploidy 
or any other gross chromosomal aberrations could be correlated with 
the very obvious varietal distinctions within the species. The type and 
degree of pairing were observed for possible information on genotypic 
relationships. 

Materials and Methods 

The varieties of Vaccinium corymbosum, V. pennsylvanicum and 
V. atrococcum used in this study were obtained from the South Haven 
Experiment Station of Michigan where they are under cultivation. 
The other species of Vaccinium and related genera were collected in 
the wild from North Carolina and Tennessee. Buds were fixed in 
Camoy's solution and dissected and smeared by the aceto-carmine 
method. 

Results 

Five selections of Vaccinium pennsylvanicum, L. B. Nos. 1, 4, 25 
(forma leucocarpum), 34, and 35, were found to have 24 pairs of 
chromosomes, and pairing and disjunction were regular in all cases, 

journal Article No. 496, N. S., of the Michigan State College Experiment 
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TABLE I — Varieties of Vaccinium corymbosttm (Chroaiosome Nuaiber 24) 


Variety 


Remarks 


Stanley 

Jersey 

Weymouth 

Adams 

Taylor 

Rubel 

Kahler 

Schigner 

Cabot 

Dunfee 

Cabot X Pioneer 

Adams XVaccinium pennsylvanicum 

(L. B. No. 4) 

Rancocas 


Fi of Katharine XRubel* 

Fi of Rubel X Grover* 

F* of June XCabot* 

Wild selection 
Michigan selection 
Wild selection* 

Michigan selection 
Michigan selection 
Fi of Brooks XChatsworth* 
Wild selection 
South Haven 

South Haven 

(See Discussion, below) 


Secondary pairing 
Normal 

Secondary pairing, lagging 

Normal 

Normal 

Normal 

Normal 

Nornaal 

Normal 

Secondary pairing, lagging 
Normal 

Secondary pairing, lagging 
Ring chromosomes 


*The origin of varieties marked by * is taken from the work of Coville, who did so much for 
the improvement of the wild blueberry. 


TABLE II — Species of Vaccinium and Related Genera 


Species 


Chromosome 

Number 


Genus and Species 


Chromosome 

Number 


Vaccinium Related Genera 


V. atrococcum (var. Orvis 


Gaylussacia baccata 

12 

Williams) 

24 

Bruckenthalia spiculijlora 



12 


18 

V. staminemn 

12 

Gaultheria prociifnhpMS 

12 

V, oxycoccus 

36 

j 


V. vacUlans 

12 




Discussion 

Coville gives two slightly divergent accounts of the origin of Ran- 
cocas (1, 2). It is either an F 2 plant of Vaccinium angustifolium x 
V, corymbosum or an Fi of (Brooks x F. angustifolium var. Russell) 
X Rubel. The meiotic chromosome behavior of Rancocas reflects its 
interspecific origin. At metaphase a ring of four rather loosely as- 
sociated chromosomes was common, and catenate or zig-zag separation 
at anaphase frequent, indicating a greater degree of structural^ hybrid- 
ity than expected or observed in purely varietal hybrids. Despite these 
meiotic aberrations, normal-appearing and apparently functional gam- 
etes were formed, indicating a high degree of homology between the 
respective genoms. 

Longley reported Vaccinium atrococcum as a 12 paired species and 
Coville described it as incompatible or very weakly compatible with 
V. corymbosum. If the number of 12 chromosomes is confirmed for 
this species, it is apparent that the F- atrococcum variety Orvis Wil- 
liams used in this study is a tetraploid. As such it may prove useful in 
combination with F. corymbosum or any other 24 paired species. The 
fact that F. atrococcum variety Orvis Williams is a normal-appearing 
plant with no phenotypic hybrid characteristics precludes any theory 
of recent origin by allopolyploidy, and the further observation that no 
secondary chromosome association was observed would seem to mili- 
tate against the theory of its recent origin by autopolyploidy. Froin 
these facts it must be postulated either that there are two forms of 
F. atrococcum with chromosome numbers of 12 and 24 or that in the 
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absence of an adequate taxonomy the investigators are confusing 
species. 

If secondary pairing is an expression of homologies or affinities more 
remote than those which can be expressed in primary association, the 
rather general occurrence of secondary polyvalent association sug- 
gests that Vaccinium corymbosum is autotetraploid in origin. The 
apparent ease with which interspecific and, in several reports, inter- 
generic crosses can be made suggests a relatively recent- phylogenetic 
origin for a large section of the family. This is further supported by 
the almost normal behavior of the chromosomes in the single Fi 
individual of an interspecific hybrid investigated. 

Since amphidiploidy seems to offer greater possibilities than auto- 
polyploidy from the point of view of wider adaptability, variety, and 
so on, and since the conditions requisite for the occurrence of amphi- 
diploidy, u e., well differentiated genoms, are apparently absent in the 
cultivated species of Vaccinium, perhaps wider ranges of hybridization 
should be attempted if a blueberry more tolerant to wider climatic 
and soil conditions is to be achieved. A factor favoring the attempt to 
induce genetic unbalance less than that causing sterility is that propa- 
gation can be effected asexually. Any program, however, requiring 
successive crossings is handicapped by the length of time required for 
the development of the blueberry from seed to fruit production. 


Summary 


The chromosome number of the variety Vaccinium atrococcimi used 
in this study was 24 pairs and not 12, as had been previously reported. 
The evidence suggests that this selection is not a recent polyploid form. 
Chromosome pairing in V. corymbosum suggests an autopolyploid 
origin and the analysis of hybrids between V, corymbosum and other 
species of the genus shows a high degree of homology and therefore 
a comparatively recent origin from a common ancestor. No aneuploidy 
or chromosome aberrations were observed in any of the varietal types 
of V. corymbosum. The suggestion is made that hybridization be 
attempted on a wider range than has been currently practised. 

The basic chromosome number of Vaccinium has been assumed to 
be 12 and no evidence from this study suggests a lower basic number. 
The significance of the chromosome number of 18 in Bruckenthalia, 
an introduced European genus, is not known, in the absence of data 
on breeding behavior. 

It is a pleasure to acknowledge the assistance of Mr. Stanley John- 
ston, Superintendent of the South Haven Experiment Station, in 
procuring the materials of the cultivated blueberries, and of my former 
student, Mr. Albert Johnson, in the collections from North Carolina 
and Tennessee. 
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The Limitations of Chaenomeles Lagenaria Wilsonii 
as a Horticultural Plants 

By George L. Slate, N. F. State Agricultural Experiment 
Station, Geneva, N. Y. 

I N 1928 Lathrop (1) suggested that the Japanese flowering quince 
might be of value as a source of 1-malic acid for commercial fruit 
products. My attention was directed to a large fruited form known as 
Chaenomeles lagenaria Wilsonii and seedlings were raised with the 
intention of selecting superior types. 

Seeds were secured from plants in the Rochester, New York park 
system in the fall of 1928 and again in the fall of 1930. The 1928 seeds 
yielded 69 plants which were set in the field in April 1931, and the 295 
plants resulting from the 1930 seeds were set in the field in November 
1931. 

This species of quince is apparently closely related to Chaenomeles 
lagenaria cathayensis, but is more robust and wild plants attain a 
height of 4 to 6 meters (2). The bush is erect, open, sparsely branched 
and armed with vicious spines which make harvesting difficult and 
unpleasant. The large fruits are yellowish in color and weigh from 10 
to 12 ounces each. Jelly made from them is edible, but inferior in 
quality to that from various other common fruits more readily avail- 
able. 

It does not appear that the plant is of any importance as a source 
of commercial pectin or 1 -malic acid. Thus far the plants are lacking 
in hardiness and are very unproductive. The severe winter of 1933-34, 
during which a minimum temperature of —31 degrees F occurred at 
Geneva, killed all plants to the ground and all but 94 of the 1930 lot of 
29S plants were killed out entirely. Nearly all of the 69 plants of the 
1928 lot also perished. The survivors were all killed to the ground 
again during the winter of 1934-35, but since then very little winter 
injury has been noted. 

A few fruits were produced in 1938 and 1939 and in 1940 some 
plants bore a dozen or more specimens. The plants appear to be very 
unproductive. 

In view of its unproductiveness, lack of hardiness, slow growth and 
vicious spines this species appears to be of very limit^ economic value. 

The ornamental horticulturist will find in its gaunt habit and the 
few small unattractive flowers little to attract his attention. 
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Effect of Boron on Plant Growth and Dry Seed Yield in 
Lima Bean (Phaseolus Lunatus L.) 

By Robert E. Wester and Roy Magruber, C7. S. Horticultural 
Station, Beltsville, Md, 

S INCE some soils of the same general type as those found on the 
farm of the United States Horticultural Station at Beltsville, 
Maryland, have been found to be low in boron, a preliminary experi- 
ment on the effect of different amounts of boron on the yield of dry 
seed of bush lima beans grown on a well drained level piece of Elsin- 
boro gravelly sandy loam soil was conducted. 

Materials and Methods 

Seed of lima bean selection 23-6-3, having large seeds and a large 
bush plant, was planted by hand 12 to 15 inches apart in rows 3 feet 
apart on May 28, 1940, Subsequent temperature and moisture con- 
ditions were favorable for germination and a good stand was obtained. 

Eight hundred pounds per acre of 2-8-10 fertilizer was drilled 1 
month before planting. On May 23, 125 pounds per acre of 5-8-5 was 
drilled in 3 foot rows by a corn planter. A side dressing of nitrate of 
soda at the rate of 100 pounds per acre was applied on July 17. 

On June 27, 1 week before blooming, boric acid at the rate of 5, 10, 
and 15 pounds per acre was applied to triplicate plots, 25 by 30 feet 
in size arranged randomly in each block, by spreading a sand-boric 
acid mixture on both sides of each row about 8 to 10 inches from the 
plants. On an acre basis, the boron applied was approximately 0.5, 
1.0, and 1.5 parts per million, based on the surface layer of soil weigh- 
ing 2,000,000 pounds. The control plots received only the washed 
sand. Three foot aisles separated the plots. 

A rain of .42 inch, 3 days after the boric acid applications w^ere made 
assured a good penetration into the soil. The 3.68 inches rainfall dur- 
ing July was rather evenly distributed throughout the month and re- 
sulted in good growth. August was dry (no rain) for the first 14 days 
and wet (4.85 inches during 10 days of rain) during the latter half 
of the month. September was dry with only .58 inch rain on the eighth 
and ninth and .93 inch on the twenty-fifth. Two rains (.83 inch on 
October 2 and ,42 inch on October 8) occurred prior to harvest in 
October, but the percentage of rotted or molded beans was very low. 

The plants were pulled by hand from seven inside rows on October 
10 and bunches of five plants were weighed to the nearest .1 pound. 
Two border rows were left on the north side and one row on the 
south side of each plot. The plants were then spread out one layer deep 
in a greenhouse to dry. Practically all of the pods and beans were dry 
when threshed on October 21 and 22. The cleaned air-dried seed was 
weighed on October 23. 

Three soil samples, each 7 inches deep, were taken from each plot 
at the time the plants were harvested and pH was determined by the 
Quinhydrone method. 

The data were analyzed by the variance method. 
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Results 

The addition of boric acid had no significant effect on the green 
weight of plants per plot, on the mean weight of 100-seed samples, or 
on the pH value of soil at the end of the season as shown in Table I. 
The increase in yield of dry seed from 5 pounds of boric acid per acre 
was not significant but the increases from 10 and 15 pounds per acre 
were significant when compared with the check plots. The highest 
yields of dry beans were from the plots receiving 15 pounds of boric 
acid per acre and were significantly greater than from any of the 
other treatments or the check plots. 

There was no significant difference in number of plants per plot. 


TABLE I — Effect of Boric Acid on Lima Bean Plants (Triplicate 
Plots, Beltsville, Maryland, 1940) 


H3BO, 

Per Acre 
(Pounds) 

Mean No. 
Plants 

Per Plot* 

Mean Green 
Weight Plants 
Per Plot* 
(Pounds) 

Mean Yield 
Dry Seed 

Per Plotf 
(Grams) 

Mean Weight 
of 100-Seed 
Samples* 
(Grams) 

! 

Mean Soil pH 
Per Plot* 

None 

111 

102.1 

1860 

86 

4.88 

6 

107 

103.3 

2034 

88 

4.81 

10 

106 

104.0 

2236 

84 

4.87 

15 

111 

107.1 

2629 

88 

5.00 


*No significant differences. 

tDifferences as great as 360 grams are significant by odds of 19:1. 


Discussion 

The results indicate that on this soil, the addition of boric acid just 
before first bloom had no significant effect on green plant weight but 
did have an effect on the dry weight of seed produced. The insignifi- 
cant effect on plant weight is not unexpected in view of the fact that 
the boric acid was applied after the plants had made most of their 
vegetative growth. Check plants showed no apparent symptoms of 
boron deficiency. 

The increase in yield of beans agrees with the results of Purvis and 
Hanna (3) who found that .5 parts per million of boron at pH 4.6 in 
water culture produced a good yield of pods and vines of snapbeans 
(Phaseolus vulgaris L.) while the no boron solution plants made a 
smaller plant growth and set no pods. Warrington (4) using Scarlet 
Runner bean (P. multi florus L.) in water culture found that the ab- 
sence of boron from the nutrient solution resulted in stunted plants 
whose apex blackened and died and whose lateral nodes failed to form 
form flower buds. Stimulation of growth was obtained over a wide 
range of boric acid concentrations (1 : 12,500,000 to 1 : 25,000 parts 
per million). The cotyledons, plumule and radicle of soaked and germi- 
nated seeds were found to contain relatively high concentrations of 
boron. It was also found that boron was necessary for growth and seed 
production in the broad bean {Vida jaha L.) and some other plants. 

Analyses of different parts of many kinds of plants by Bobko and 
Zerling (1) show a high concentration of boron in the reproductive 
parts. These investigators also found that the addition of boron to the 
nutritive substrate usually increased the germination percentage of 
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pollen and that when applied to the soil the effect of boron was greater 
on the production of seeds than on total dry matter. Holly and Dulin 
(2) working with the cotton plant found that a shortage of boron re- 
sulted in the shedding of flowers although the shortage was not great 
enough to seriously retard vegetative growth. 

Summary 

The addition of 5, 10, and 15 pounds of boric acid per acre to Elsin- 
boro sandy loam soil in Maryland one week before blooming caused 
a significant increase in yield of dry lima bean seed, but no significant 
increase in total green weight of plant. 
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Effect of Vitamin Bi on the Yield of 
Several Vegetable Crop Plants' 

By E. C. Minnum, Cornell University, Ithaca, N , F, 

R eplicated randomized field experiments were laid out during 
the growing season of 1940 to test the effect of vitamins added 
in solution on the growth of vegetable crop plants. One series of plots 
was located at Ithaca, New York on a silty clay loam and a second 
series on a sandy soil in the Albany-Schenectady area. 

The main plot at Ithaca had not been manured for 7 years and had 
only a broadcast application of 1000 pounds of 5-10-5 in 1940. A crop 
of fall planted rye was plowed down in May 1940. The plots on the 
sandy type soil at eastern New York were not fall planted to rye and 
the main plot had no commercial fertilizer for seven years and very 
light application of manure up to 1940 when none was applied. 

It was thought that if vitamins added in solution to the soil had any 
influence on growth that this influence might make itself more strongly 
felt if the vitamins were used in combination with a starter solution 
and an indole acid. A commercial compound containing vitamin Bi, 
nicotinic acid and traces of pantothenic acid, vitamin B 2 and Be was 
also included in some of the tests. Brewers yeast which contained vita- 
mins Bi, Bg, B 4 , Be, nicotinic acid and other substances was tried in a 
few cases, both dry and as a thin paste made with water. 

Where indolebutyric acid was used as on tomato, cabbage and 
pepper plants, the roots were soaked for four hours in a solution of 
2 part per million just before planting. Starter solution was applied 
at planting time only. Vitamins in solution were added shortly after 
planting and at least twice thereafter. Each plant got .01 milligram of 
the vitamin per treatment. Where more than one vitamin was used 
.01 milligram of each vitamin was added. In a few cases concentrations 
greater than .01 milligram were used. When vitamins were applied to 
row crops such as radishes and beets, the vitamin solution was poured 
along the row of young plants shortly after they emerged. 

Appropriate yield records were taken and analysis of variance 
applied to the data showed no significance in any case. 

The growing season of 1940 in central and eastern New York was 
cold and wet during May and June which may in part account for the 
negative results obtained from the use of starter solution both at Ithaca 
and in the Schenectady- Albany area. 

Seed of beet, squash, snap beans, and rutabaga were soaked in ,01 
milligram per liter of vitamins and compared with those plants treated 
with vitamin solutions shortly after conie-up. 

Conclusions 

Cauliflower, muskmelons, beets, rutabagas, sweet corn, summer 
squash, tomatoes, snap beans, peppers, and radish were treated with 

^Paper 227, Department of Vegetable Cro^^ Cornell University, Idiara, K Y. 
This work was financed by a fellowship i^ravKlBd by G.L.F,, Itbaca, N. Y. No|>cO; 
Vitamin Laboratories of Harrisoiii N- J. and supplied csertain materials 

for conducting these studies. 
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solutions of pure crystalline vitaniins, a brewers yeast containing vita- 
mins and a commercially advertised compound containing vitamins. 
Starter solution was used in conjunction with vitamins. The roots of 
some normally transplanted plants were soaked previous to planting 
in a solution of indolebutyric acid and treated after planting with 
vitamins. 

Analysis of variance applied to the data showed no significance for 
any of the treatments applied under the conditions of the experiment. 



Effect of Several Growth Substances on 
Vegetable Crop Plants* 

By E. C, Minnum, Cornell University, Ithaca, AT. 7. 

A FEW papers have appeared in the literature in which the authors 
have claimed stimulation of vegetable crop plants by the addition 
of synthetic growth substances applied either in liquid form, or com- 
bined with a suitable carrier such as talc and applied to the seed or 
root as a dust (3, 4, 6). Other workers (1, 7) have been unable to 
obtain stimulation from such substances when the plants were grown 
in ordinary soil. 

The experiments reported here were carried out during the growing 
season of 1939 in an endeavor to determine the effects of synthetic 
growth substances on vegetable crop plants which were grown to 
maturity in the field. A previous report (3) dealt with the effects 
obtained on seedling plants, but few results were reported on which 
vegetable crop plants had been grown to maturity either in sand or 
soil. One worker (2) reported a substantial increase in yield when 
oat seed was soaked in a hormone solution prior to planting, but later 
workers have not been able to obtain such stimulation. Still other 
workers (5) claimed stimulation of the yield of straw when wheat 
seed was dusted with a phytohormone plus an organic mercury 
fungicide. 

In order to determine the effect of the indolebutyric acid on the 
growth and yield of tomato plants (variety Bonny Best) grown to 
maturity in the field, 1 1 different treatments replicated five times using 
10 plants per treatment were employed. The treatments consisted of 
soaking the roots in solutions of the acid and in dusting the roots with 
(a) talc alone, talc dust containing (b) 1000 (c) 2000, and (d) 4000 
parts per million of the acid and (e) untreated. Appropriate check 
treatments were provided. Analysis of variance showed no significance 
for any of the treatments. 

Celery plants (Golden Self Blanching) were taken carefully from 
the flat and the roots and soil adhering to the roots were dusted with 
(a) talc alone, talc dust containing (b) 1000, (c) 2000, and (d) 4000 
parts per million of indolebutyric acid and (e) untreated. A second 
set of plants had the soil carefully washed from the roots and the roots 
dusted as above. Analysis of variance applied to the yield data showed 
no significance for any of the treatments. Apparently 4000 parts per 
million of indolebutyric acid applied in a talc dust to the roots was 
neither harmful nor beneficial to growth. 

Spinach seed was treated with (a) talc alone, (b) 1000 (c) 2000, 
and (d) 4000 parts per million of indolebutyric in talc dust and (e) 
untreated by placing a sufficient quantity of the dust in a hand seeder 
with the seed at planting. The worm in the seed compartment of the 


^Paper No. 226, Department of Vegetable Crops, Cornell University, Ithaca, 
N. Y. Merck & Co. and Eastman Kodak Co, kindly supplied the growth sub- 
stances used in these studies. 
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seeder kept the dust and seed well mixed. The treatment was appar- 
ently not harmful as the yields were not significantly different. 

Cabbage plants (Danish Ballhead) were lifted from the seedbed and 
the roots carefully dusted with (a) talc alone, (b) 1000, (c) 2000, 
and (d) 4000 parts per million of the acid in talc and (d) untreated. 
They were stored overnight in a cool cellar and planted the next day. 
Thirty plants per treatment replicated five times were field set, of 
which heads of 25 consecutive plants were harvested and weighed 
individually for record. The yield data when subjected to statistical 
analysis showed the plants receiving no treatment to be slightly better 
than any of the other treatments applied. 

Soaking sweet corn seed in a solution of indolebutyric acid of 1000 
parts per million for 3 hours and dusting the seed previous to planting 
with the above mentioned dusts had no beneficial effect on yield of corn. 

Snap bean seed was dusted with the above mentioned dusts and the 
yield of pods recorded. No benefit was found to result from any of the 
treatments. 

Soaking seed of several vegetable crops in dilute solutions of indole- 
acetic. indolebutyric, and the potassium salts of these acids had no 
beneficial effect on later growth. In fact, in most cases growth was 
slower as a result of the soaking treatment. 

Cabbage plants soaked in indole and naphthaleneacetic acids of 1, 
2 and 5 parts per million for 15, 30 and 60 minutes showed no bene- 
ficial effects from the soaking. 


Conclusions 

\^arious vegetable crop seeds and plants u-ere treated with some of 
of the indole acids used as a dust and in solution. In no case was 
growth benefitted by the treatments. In some cases it was distinctly 
harmed. 
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Probable Causes for the Difference in Facility of 
Producing Parthenocarpic Fruits in 
Different Plants^ 

By Felix G. Gustafson, University of Michigan, 

Ann Arbor, Mich. 

O NE of the outstanding features of the work on parthenocarpy is 
the difference in ease with which different plants can be made to 
produce fruits by chemical stimulation. Thus tomatoes and peppers 
produce fruits readily, while squashes and watermelons do so only 
infrequently. 

In this investigation two different approaches have been made. On 
the one hand different chemicals have been used to determine whether 
one chemical might be more favorable in the production of fruit with 
one plant, while another chemical would be more favorable with an- 
other plant, or whether a chemical which is superior with one plant is 
also superior with all plants. The other approach was to determine the 
amount of “native’^ auxin present in the ovaries in the flower bud stage. 

A variety of plants was used : John Baer tomato, California Wonder 
pepper, Black Beauty eggplant, Hubbard, Buttercup and Crookneck 
summer squashes, Vaughn’s Small Sugar Pie and Big Tom pumpkins, 
Jersey Improved Pickle and Vaughn cucumbers and several varieties 
of watermelons (Early Arizona, Stone Mountain, Dakota Sweets, 
Harris’ Earliest, McFayden’s Sweety- Favorite Honey, Burpee’s Baby 
Delight, Sweet Siberian and Pride of Muscatine). The experiment 
with the watermelons was carried out during the summer of 1939 and 
the others during the summer of 1940 as well as 1939. 


TABLE I — Percentage Setting by Treatment with Different Chemicals 



Indole Acetic 

Indole Butyric 

Naphthalene 

Acetic 

4-FIuorene 

Acetic 

Plants Used 

No. 

Per 

No. 

Per 

No. 

Per 

No. 

Per 


Buds 

Cent 

Buds 

Cent 

Buds 

Cent 

Buds 

Cent 


Treated 

Set 

Treated 

Set 

Treated 

Set 

Treated 

Set 

Vaughn cucumber 




6 

0 

28 

0 

9 

0 

Improved Jersey 

Pickle cucumber 



10 

0 

37 

3 

6 

0 

Big Tom pumpkin* 




3 

0 

12 

0 

1 

0 

Vaughn’s omaTl Sugar 







Pie pumpkin 


__ 

8 

0 

54 

0 



Hubbard SQ^uash 




20 

0 

23 

4 

18 

0 

Buttercup squash ^ - 



— 

24 

0 

58 

12 

28 

0 

Croolmeck summer squash. . 

— 

— 

38 

0** 

69 

30 

11 

0** 

John Baer tomato 

— 


_ 


35 

63 

30 

loot 

John Baer tomato (1) 

10 

90 

15 

80 

19 

81 



♦One medium sized seedless fruit was produced but on harvesting the writing on the tag had 
been rubbed off so the chemical used could not be determined. 

♦♦Although no mature fruits were obtained from the treatment with indole butync and 4- 
fluorene acetic acids many grew to considerable size and then rotted.^ 

fThis observation was made 2 weeks after treatment. Usually if the ovaries of the tomato 
begin to enlarge they continue to do so and therefore thoxigh no further observations on them were 
made, they undoubtedly grew into mature fruits. 

^Paper from the Department of Botany and the Botanic Garden of the Univer- 
sity of Michigan, No. 776. 
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The chemicals used were: 4-fluorene acetic (a new compound),- 
naphthalene acetic, indole acetic and indole butyric acids. These chemi- 
cals were used in 1 and 2 per cent concentrations in lanolin. 

Seventy-nine ovaries of the pepper were treated with 4-fluorene 
acetic acid but no fruits were produced, 45 ovaries were treated with 
indole butyric acid and a number of fruits were produced, but unfortu- 
nately no accurate counts were obtained. Twenty-three ovaries of 

the eggplant were treated 
with 4-fliiorene acetic 
acid, but no fruits result- 
ed, 25 ovaries were treat- 
ed with indole butyric 
acid and 10 with naph- 
thalene acetic acid. With 
both of the latter treat- 
ments some fruits were 
produced but no accurate 
records were obtained, 
i During the summer of 
1939 the watermelons 
were grown. From the 


several hundred blossoms 
treated only four fruits 



Fig. 1. Buttercup squash. The fruit at the 
lower left was produced by pollination and 
has an abundance of seeds. The other two 
are seedless and were produced by treat- 
ing the pistil with 2 per cent naphthalene 
acetic acid. 


were obtained. The Har- 
ris’ Earliest produced two 
medium sized fruits with 
naphthalene acetic acid. 
These fruits were entire- 
ly seedless and triangular 
in shape. The Favorite 
Honey produced two 
fruits with indole butyric 
acid. These fruits were of 
normal size and shape, 
and the seed coats had 
developed to normal size 
though they were entirely 
devoid of an embryo. No 
fruits were obtained with 
indole acetic acid. 

During the two seasons 
determinations of the 


Fig. 2. Crookneck summer squash. The fruits 
with the tags were produced by treating 
the ovaries with 2 per cent naphthalene 
acetic acid. These fruits are seedless and 
of normal appearance. The other two 
fruits were produced by pollination and 
are seeded. 


growth hormone content 
in the ovaries of flower 
buds were made on most 
of the plants used. The 
determinations were 
made in the usual way 


^he writer is indebted to Mr. John C Sheehan, of the Chemistry Department, 
for the 4-ftuorene acetic acid. 
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with ether or methanol as the solvent. 

In 1939 only the watermelons were used. They were extracted in 
the cold with ether for several periods, the last one extending over 
2 months. The only ones that gave a detectable amount of hormone 
were the Dakota Sweet, 0.42 gamma per Kg, and the Harris’ Earliest, 
1.01 gamma per Kg. The Favorite Honey was not obtainable at the 
time the test was made. 

The 1940 determinations were made with methanol as a solvent and 
the extraction was done with a Soxblet extractor. Table II gives 
the result. 


TABLE II — Growth Hormone Content in the Ovaries of Flower Buds* 


Tomato 

Pepper 

Cucumber 

Two 

Varieties 

Big Tom 
Squash 

Hubbard 

Squash 

Crook- 

neck 

Squash 

Buttercup 

Squash 

Sugar Pie 
Pumpkin 

16.34 

10.93 

5.19 

2.03 

.75 

.36 

1.2 

.24 

.16 

.36 i 

.19 


*The figures denote indole acetic acid equivalents in Gammas per kg of fresh material. 


It is obvious from the above data that the more compact ovaries of 
the tomato, pepper, and cucumber contain much more auxin than the 
more bulky and watery squashes, pumpkins, and watermelons. The 
tomatoes and peppers are quite easily induced to produce partheno- 
carpic fruits with chemical treatment, but so are crookneck summer 
and buttercup squashes. Yet the latter two have a rather low auxin 
content. Therefore, at the present it cannot be said that there is any 
relation between the auxin content in the ovary and the ease with 
which parthenocarpy can be induced. The writer believes that there 
is a positive correlation but only further experiments can prove or 
disprove this hypothesis. 

There seems to be no doubt but that some chemicals are much more 
effective than are others and of the four presented here the most effec- 
tive is naphthalene acetic acid. The indole butyric acid is also very 
good. The writer has previously (2) shown that indole butyric acid 
induces fruit development in the crookneck summer squash, but these 
fruits were not entirely normal in appearance. The indole acetic acid 
is not so good as the first two mentioned ( 1 ) and the 4-fiuorene acetic 
acid has to be tested out further, but at the present indications are 
that it is less effective than the first two mentioned. 

Literature Cited 

1. Gustafson, F. G. A comparison between parthenocarpic and normal fruits 

as to percentage of setting and size of fruits. Bot, Gas, 102.^ 1940. 

2. Inducement of fruit development by growth promoting chemicals. 

Proc. Nat, Acad. Sci. 22 : 628-636. 1936. 



Some Effects of Calcium and pH Upon Spinach' 

By R. A. ScHROEDER, University oj Missouri, Columbia, Mo, 

I N THE production of spinach, considerable emphasis is placed upon 
the obtaining and maintenance of a proper soil reaction. It is popu- 
larly suggested that on most soils the optimum pH for its growth is 
between pH 6 to pH 7. At a reaction either markedly higher or lower 
it is believed that growth is retarded or stopped, and that plants are 
likely to be beset with various and sundry maladies. 

It has been shown by other workers that plants may be subjected 
to a change in a number of several important soil factors other than a 
difference in the number of ionized hydrogen ions in the substrate, 
when they are grown at different pH levels. Before the cause of a 
result can be assigned to any one factor, it is necessary to determine 
the influence of all of the factors involved. Thus, it is important to 
know whether it is actually pH per se which is beneficial or detri- 
mental as the case may be, or whether an associated factor or factors 
are causal. Albrecht (1), using a dialyzed hydrogen clay and working 
with soybeans, has separated the effects of hydrogen ion concentration 
from that of calcium, and shows that within the levels used, growth 
and nitrogen fixation increase with the calcium level, irrespective of 
the number of ions of hydrogen. In an attempt to determine the influ- 
ence of various amounts of calcium on the growth and composition 
of spinach at different hydrogen ion concentrations, the following 
procedure was used: 


Methods and Procedure 

For a medium, the desired amounts of plant nutrients were added 
directly to clay taken from the “hardpan’’ of the Putnam silt loam 
subsoil. The clay was then mixed with definite amounts of white quartz 
sand to give a suitable physical texture. This Beidellite clay has an 
exchange capacity of roughly 28 milliequivalents per 100 grams of 
subsoil, 12 of which are hydrogen and 12 of which are calcium. The 
clay also has present upon it small quantities of potassium and phos- 
phate, as well as small amounts of minor elements so that it is un- 
necessary to include them in the nutrients added. 

The quantity of all the nutrients added except calcium was constant 
for all of the treatments. The amounts added per plant were : potas- 
sium, 6 M. E. ; phosphate, 6 M. E. ; magnesium, 3 M. E. ; sulfate, 
3 M. E. ; and nitrogen, 10 M. E. 

Calcium was supplied in varying amounts to give five different 
levels. The amounts added to the quantity originally on the subsoil 
were: 1, 0 M, E. ; 2, 3 M. E, ; 3, 6 M. E. ; 4, 9 M. E. ; and S, 12 M. E. 
per plant. 

In order to obtain the two desired pH levels, pH 5.2 and pH 6.8, 
different salts of the nutrients were used. For the pH 6,8 series, 
hydroxides were used as often as possible, and for the pH 5.2 series 

^Contribution from the Department of Horticulture, Missouri Agricultural 
Experiment Station, Journal Series No, 718. 
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TABLE I— Percentage of Total Exchange Capacity Saturated 
WITH Calcium 


0-5 

3-5 

6-5 

9-5 

12-5 

0-7 

3-7 

6-7 

1 

9-7 

12-7 

42.8 

53.5 

60.0 

64.2 

1 

67.3 

42.8 

50.0 

55.1 

58.9 

61.9 


the chloride, sulfate, and nitrate salts were added. This gave a final 
medium containing equal total quantities of nitrogen, phosphate, potas- 
sium, sulfate and magnesium in all calcium treatments and at both 
reactions. The percentage of the total exchange capacity of the clay 
which was saturated with calcium increased as calcium was added, 
and for the clay the calcium level was higher in the pH 5.2 series 
(Table I). 

This resulted from the use of salts with different anions, which in 
turn necessitated differences in the amount of clay used. In total, there 
were five calcium levels at two pH’s, giving 10 different treatments. 
Forty plants were grown in each treatment in individual pots. The 
variety used was Bloomsdale Long Standing. 

Chemical Determinations 

The samples were digested by the nitric and perchloric acid method. 
Material was analyzed by the spectrographic method, with the excep- 
tion of phosphorus, for which the usual micro colorimetric method 
was used. 

Results and Discussion 

The data (Table II) show that the addition of increasing amounts 
of calcium to the quantity of calcium on the original subsoil resulted 
in an increase in both the total fresh weight and dry weight of the 
spinach. Both the total fresh and dry weights of the pH 6.8 series were 
significantly greater than at pH 5,2 series. This held true for each of 
the calcium levels except in the series in which 9 M. E, were added 


TABLE II — Effect of Five Calcium Levels at Two Reactions Upon 
THE Growth and Composition of Spinach* 


Treatments 

0—6 

3-5 

6-6 

9-6 

12-5 

0-7 

3-7 

6-7 

9-7 

12-7 

Total weight fresh 











(gms) j* 

Total dry weight (gms) 

396.8 

460.0 

442.6 

508.7 

■i^ginn 

421.7 

506.9 

508.4 

446.4 

565.2 

44.1 

52.7 

49.3 

55.9 

57.1 

47.8 

59.9 

55.9 

51.8 

63.7 












weight 

92.2 

97.8 

121.0 

123.4 

139.4 

53.7 

60.6 

57.7 

68.9 

66.6 

Mgs Ca total crop. , . . 

406.3 

615.2 

596.7 

690.3 

796.6 

256.9 

362.5 

322.5 


424.0 












weight 

19.1 

22.5 

25.7 

18.1 

18.5 

19.2 

20.1 

Ktlil 

20.3 

17.0 

Mgs P total crop 

Mgs K 10 gms dry 

84.1 

118.6 

126,8 

■mil 

105.6 

92.0 

120.4 

117.5 

105.0 

108.6 






536.7 





weight 

Mgs K total crop 

654.0 

686.0 

622.3 

628.2 

648.9 

687.9 

586.0 

648.9 

691.5 

2883.3 

3615.3 

3068.6 

3513.4 

3701.9 

2568.1 

3522.8 

3276.6 

3362.6 

4408.3 





103.8 

121.6 

52.0 


57.4 


63.0 

weight 

78.8 

78.6 

91.2 

61,6 

WJLO 

Mgs Mg total crop . . . 
Mgs Mn 10 gms dry 

347.4 

mSSm 

449.7 


693.7 


368.7] 

320.8 

279.8 

401.5 




13.07 



1 




weight 

8.60 

9.37 

9.39 

22.51 

4,32 

3.861 

3.83 


3,77 

Mgs Mn total crop . . . 

37.9 

49.4 

46.32 

73.09 

128.42 

20.68 

23.1 

21.4 

20.8 







.77 

.20 

.23 

.25 


.26 

weight 

Mgs Sr total crop .... 

.44 

.46 

.53 

.64 

.25 

19.32 

24.5 

25.9 

35.8 

44.00 

9.6 

13,6 

14.2 

12.7 

16.7 


*ln treatments column, first figure refers to M. E. of calcium added i)er plant, second figure to 
pH of ctilture. 
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per plant. In this series, the weights were greater in the pH 5.2 levels. 

Since the degree of calcium saturation of the media increased with 
each addition of calcium, the total fresh and dry weight became greater 
as the calcium saturation increased. It is impossible, however, from 
the data to allocate the relative importance of the degree of calcium 
saturation and total quantity of calcium. 

It is of some significance that none of the treatments showed any 
visual symptoms of any deficiency except as a reduction in total vege- 
tative growth. Therefore, apparently all plants were “healthy”, and 
any differences cannot be ascribed to a chlorotic or otherwise “un- 
healthy” condition. 

The analyses show that the calcium in 10 grams of dry weight in- 
creases as calcium was added. The increase was very significantly 
greater at a pH 5.2 than at a pH 6.8. The amounts of calcium in 10 
grams w^as also much higher at the lower pH. At a pH of 6.8, when 
the calcium originally on the subsoil was augmented by 12 M. E., the 
amount of calcium in the plant was 66.516 milligrams per 10 grams, 
wdiile at pH 5.2 it w’as 92.161 milligrams where no calcium had been 
added and where 12 M. E. had been supplied, there w^as a concen- 
tration of 139.443 milligrgLms. 

The total milligrams of calcium in the crop increased as calcium 
additions were made. Here, too, the increases in the individual addi- 
tions made as well as the total amount W’as greatest at pH 5.2. 

The increase in total milligrams of calcium in the crop at pH 5.2 
is practically a straight line function. Roughly, the total amount of 
calcium in the crop grown at pH 5.2 is 1.8 times as great as at pH 6.8, 
although the most vegetative growth was at the higher pH. The 
amount of calcium in 10 grams dry weight is 2.6 times greater at 
pH 5.2 where the amount of calcium available to the plant has been 
enlarged by 12 M. E., than wdien no calcium was added at pH 6.8. 
The total quantity of calcium in the crop w^as 3 times as great, using 
the same examples. 

It is interesting to note that because of the calcium on the original 
subsoil and the larger quantities of clay used in the pH 6.8 series, the 
total amount of calcium present in the media was larger at the upper 
pH, and that still the total quantity of calcium in the crop was less. 

The amount of phosphorus in 10 grams dry weight increased with 
calcium additions up to wdiere 6 M. E. per plant were added, then the 
amount decreased. The amount where 12 M. E. of calcium were sup- 
plied is less than wdiere no calcium was added. This held true at both 
pH levels. The peak of phosphate content at pH 5.2 was 22 per cent 
greater than the peak at pH 6,8. The maximum phosphate content 
per 10 grams was roughly 1.6 times greater than the lowest treatment. 
The total amount of phosphate in the crop for both pH^s follows the 
same general pattern as does the quantity per 10 grams dry weight, in 
that it shows a maximum wdth increased calcium up to a point and 
then a decline. The decline, however, does not recede to a point so 
that the total amount of phosphate is below that of where no calcium 
is added to the cultures. Therefore, the increased calcium supplied 
results in a greater total absorption of phosphate in the crop. 
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The potassium content in 10 grams dry weight for the pH 6.8 series 
shows a rather consistent increase with increasing calcium, the highest 
calcium addition treatment being 28.9 per cent greater than when no 
calcium was added. The pH 5.2 series does not follow in the same 
general curve, as its greatest values at the lower calcium additions 
decline with additional calcium. However, the potassium content at 
the lower calcium levels of the pH 5.2 series is greater than at the 
corresponding calcium levels in the higher pH. Roughly, it is greater 
by 22 per cent at 0 M. E., 17 per cent at 3 M. E., and 6 per cent at 
6 M. E. 

The total amount of potassium in the crop shows for both pH series 
an increase as the calcium is increased. At the lower pH there was a 
28 per cent increase as the calcium was added, and at the higher pH 
the increase ivas 72 per cent. The total potassium content of all the 
calcium treatments showed no significant differences between the 
plants grown at a pH 5.2 and those grown at a pH 6.8. 

Magnesium determinations indicate that as the calcium increases the 
amount of magnesium in 10 grams dry weight also increases. The 
individual increase from one calcium level to the next highest level 
is greatest at pH 5.2. The increase from the 0 M. E. to the 12 M. E. 
series was 32 per cent at pH 5.2 and 20 per cent at pH 6.8. The 
amount of magnesium in 10 grams is considerably greater at the lo-wer 
pH. The actual increase in amount in the pH 5.2 series over the 
amount in the higher pH is 0 M. E., 51 per cent ; 3 M. E., 28 per cent ; 
6 M. E., 59 per cent ; 9 M. E., 92 per cent, and 12 M. E., 95 per cent. 
The total quantity of magnesium in the crop also increased as calcium 
was added. The total amount is greatest in the pH 5.2 plants, and when 
all the calcium levels are totalled together the plants grown at a pH 
5.2 showed a 54 per cent increase in the total amount of magnesium 
which they contained when compared with the plants grown at a 
pH 6.8. 

The strontium determinations indicate that as calcium is added the 
strontium content per 10 grams dry weight also increases. There is an 
increase of 76 per cent in the pH 5.2 series, and an increase of 30 per 
cent in the pH 6.8 series, when the calcium level was raised from the 
0 M. E. to the 12 M. E. treatment. The actual amount of strontium 
in 10 grams is greatest at the lower pH levels. In the treatment where 
0 M. E. of calcium was added, there was a 67.7 per cent increase in 
strontium in the pH 5.2 series over the pH 6.8 series. At 3 M. E., the 
increase w^as 103,8 per cent; at 6 M. E., 106.8 per cent; at 9 M. E., 
160.7 per cent ; and at 12 M. E., 193.0 per cent. 

The total content of strontium in the crop was increased at both pH 
levels as the calcium was increased. Including all calcium levels, the 
total amount in the crop was greater in the lower pH by 123.0 per cent 
than at the higher pH. 

As the calcium was increased in the pH 5.2 level, the manganese 
per 10 grams of dry weight was increased. The manganese content 
where 12 M, E. of calcium was added was 2.6 times that where no 
calcium was added. In the pH 6.8 series, the manganese content per 
10 grams was slightly depressed by the addition of calcium. The 
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maximum quantity per 10 grams in the pH 6.8 series was approxi- 
mately half that of the lowest quantity absorbed in the pH 5.2 series. 
The total amount of manganese in the crop was definitely increased by 
calcium additions at the lower pH level, but only very slightly in- 
creased at the upper pH. In the pH 5.2 series, there was a 23.8 per 
cent increase in the amount of manganese absorbed by the spinach 
grown at the 12 M. E. of calcium level over the quantity taken in by 
the plants at the 0 M. E. of calcium level. 
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The Effect of Culture Solution Temijerature on 
Water Intake and Wilting of the Muskmelon' 

By G. J. Raleigh, Cornell University , Ithaca, N, Y. 

W HILE conducting experiments with muskmelons plants in culture 
solutions, it was noted that the plants wilted severely during the 
morning on two bright August days following low night temperatures. 
Early in the morning of the second day that wilting occurred the 
solution averaged S3 degrees F. Due to the high specific heat of water 
they remained at relatively low temperatures for a considerable period 
after greenhouse temperatures had risen, which suggested that the 
low solution temperatures reduced water intake at a time when transpi- 
ration was high. Several cases of wilted muskmelon plants in moist 
soils were reported as occurring during warm morning following low 
night temperatures. It seemed desirable to compare the behavior of 
uniform plants grown in solution maintained at 50 degrees F with 
others at 65 and at 80 degrees F under conditions conducive to high 
transpiration. 

Schroeder (1) found low soil or culture solution temperatures caused 
water deficiencies in cucumbers and concluded that 70 degrees F or 
slightly higher was the most practical soil temperature for the crop. 

Two experiments were conducted, the first with older plants in 
stoneware jars with special stoneware tops ; the second with younger 
plants in Pyrex beakers. The results were similar but because the 
plants used for the second experiment were more uniform, and since 
the Pyrex containers were more suitable for the work than the stone- 
ware crocks the data from the latter experiment only are reported. 

Seed of the Delicious variety of muskmelon was sown in quartz sand 
on August 23. On September 11 the seedlings were transferred to 
stoneware jars containing culture solutions of the following concen- 
tration; KH2PO4, 0.0005M ; MgS 04 , 0.001 M ; Ca(N03)2, 0.0025M ; 
KNO3, 0.0025M; and B 0.5 parts per million, Mn 0.5 parts per mil- 
lion, Zn O.OS parts per million, Mo 0.05 parts per million, and Cu 0.02 
parts per million. 

On September 27 plants were transferred to solutions one-half as 
concentrated in 2-liter Pyrex beakers. Squares of thick Pyrex plate 
glass were used as tops for the beakers. !l^ch top was equipped with 
suitable openings for three plants and a sintered Pyrex glass aerator. 
Lots of three plants each were weired after allowing most of the 
water to drip from them and placed in beakers containing 2,000 cubic 
centimeters of solution. 

The beakers were set into 15 liter fiat iron tanks filled with sufficient 
water to bring the water surrounding the beakers three-quarters of the 
way to the top of the beakers. Ice or warm water was added to each 
tank as required to maintain solution temperatures of 50 degrees F, 
65 degrees F, and 80 degrees F. Heavy black paper was placed over 
the tank around each beaker to shield the solution from light and to 
make for greater uniformity of air temperature around the stems and 
^Paper No. 231, Department of Vegetable Crops, Cornell University, Ithaca. 
New. York. 
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leaves of the plants in the various solutions. All treatments were run 
in triplicate. Temperatures as indicated by a standardized thermometer 
in each beaker did not vary more than 2 degrees F in any treatment 
and never more than degree for any extended period. Solution 
temperatures were maintained from 9 a.m. on September 27 to 5 p.ni. 
after which time all solutions were allowed to come to equilibrium 
with greenhouse temperatures. On September 28 the experimental 
temperatures were maintained in these solutions from 8 a.m. to noon. 
Both days were cloudless. The average light readings in the green- 
house at 2 p.m. on September 27 were 9,150 and at 11 :30 a.m. on 
September 28, 9,450 foot candles. During the period that the solutions 
were kept at experimental temperatures the greenhouse temperature 
was kept at approximately 90 degrees F. 

On the first day the plants in the solution kept at 50 degrees F began 
to wilt 20 minutes after the solutions were lowered to 50 degrees F 
and the plants remained flaccid throughout the day. Some of the leaves 
of the plants in the 65 degrees F solutions drooped slightly. Thermo- 
couple readings from the wdlted leaves of plants in solutions at 50 
degrees F averaged about 10 degrees F higher than those from the 
turgid leaves of plants in solutions maintained at 80 degrees F. The 
lower leaves on the plants in solutions at 50 degrees F became suffi- 
ciently dry before 5 p.m. that they did not recover during the night as 
did the other leaves of these plants. 

At noon on September 28, plants were removed from the solution 
after allowing it to drip from the roots as had been done when the 
plants were placed in the beakers and the volume of solutions measured. 

The initial wet weight of the plants and the total amount of solution 
removed from each beaker are showm in Table I. 


TABLE I — ^Effect of Culture Solution Temperature on Water Intake 
BY Muskmelon Plants 


Temperature of Solution. 
(Degrees F) 

Weight of 3 Plants at Beginning 
of Experiment 
(Gms) 

Total Amount of Solution Used 
During Course of Experiment 


34.6 

52 

50 

23.8 

38 


27.5 

51 


Average 28.6 

47 


32.9 

160 

65 

30.8 

167 


32.6 

i 153 


Average 32.1 

160 


39.8 

i 302 

80 

30.9 

227 


33.6 

i 241 

i 

Average 34.8 

1 285 


These data indicate that w^ater intake from culture solutions by 
muskmelon plants in air temperatures of about 90 degrees F is very 
low from solutions kept at 50 degrees F and is markedly reduced at 
65 degrees F as ^ompare^yith SO degrees F. 
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Nutrient or Starter Solutions and Vitamin B 
for Transplanting Tomatoes 

By Charles B. Sayre, N, Y, Experiment Station^ Geneva, N, 

T his is a report of a development of work previously reported 
(1, 2) in which the treatments which previously gave the best 
results were continued and compared with some new combinations, 
some of which contained Vitamin B complex. In these experiments 
comparing different formulae each solution was poured around the 
roots of tomato plants at the time they were transplanted to the field, 
similar to the manner water would be ejected around the roots when 
using a transplanting machine. In another series of field test a “starter’' 
solution was compared with plain water in a transplanting machine. 
In a third series, the starter solution was poured on tomato seeds at 
the time they w^ere planted in the field. 

In all of these experiments the Nystate variety of tomatoes was used. 
For the transplanted series the seed was sown April 1, in flats in the 
greenhouse and the seedlings pricked off when about 2 inches tall and 
set 108 plants to a flat measuring 16 by 22 inches similar to those used 
in commercial production of cannery tomatoes. The flats were later 
transferred to coldframes and the plants moderately hardened. In the 
series comparing different kinds of transplanting solutions the plants 
were transplanted to the field on May 29. The plants were set 3 feet 
apart in rows 5 feet apart. This spacing requires 2,904 plants per acre 
and at solution per plant would require 91 gallons of solution 

per acre, which approximates the amount commonly used in com- 
mercial practices. The field was fertilized with 600 pounds per acre 
of S-20-5 fertilizer drilled across the entire area before the plants were 
transplanted. Consequently this experiment was a direct comparison of 
10 different solutions versus plain water in transplanting tomatoes to 
a well fertilized field. The 11 treatments were replicated in randomized 
arrangement four times in adjacent blocks. There were 20 plants per 
row in each treatment. The soil is Ontario loam, naturally calcareous, 
and had a pH of 7.2. 

The yields of marketable tomatoes are presented in Table 1. To 
show the effect of the starter solutions on earliness of maturity as well 
as on total yields, the yield records have been divided into periods, 
showing the early yields, that is to August 31 ; the mid-season yields, 
that is from September 1 to 10, and the late yields, tliat is from 
September 11 to 27 ; and the three increments combined in the total 
yields. In each period the actual yield and also the gain or loss for 
each treatment is given as compared with the check treatment. The 
check treatment received the same field fertilization as the other treat- 
ments and plain water at transplanting time. In Table I the treatments 
are arranged in the order of their total yields. 

Examining the yield records by periods (Table I) it is evident that 
only five of the treatments (Nos. 1, 2, 3, / and 8) all of which con- 

^Approved by the Director of the New York State Agricultural Experiment 
Station for publication as Journal Paper No. 422. 
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TABLE I — ^Effect of Vitamin B and Various Starter Solutions on 
Earliness and Total Yield of Tomatoes ( 1940 ) 


Treat- 

ment 

No. 

Ingredients per 50 Gallons - 
of Water M Pint Per Plant 

1 

2 pounds lOH ounces Ammo 
Phos A, 1 pound 5}i ounces 
KNOj (4 pounds 11-32-14 

2 

234 pounds Di-ammonium 
phosphate, 234 pounds mono- 
potassium phosphate (5 
pounds “Takehold” mixture 
12-52-17) 

3 

5 pounds 5 ounces Ammo 
Phos A (11-48-0) 

4 

5 pounds Mono-potassium 
phosphate (0—52—35) 

5 

2 pounds 11 ounces KNOi 
(13-0-44) 

6 

7 

50 fluid ounces liquid phos- 
phoric acid (75 per cent) 

5 pounds 5 ounces Ammo 
Phos, 2 pounds 11 ounces 
KNOj, 1 fluid ounce Vita- 
Flor. (8 pounds 11-32-14 
mixture -fl ounce Vitamin B 
complex) 

8 

5 pounds 5 ounces Ammo 
Phos, 2 pounds 11 ounces 
KNO, (8 pounds 11-32-14 
mixture 

9 

10 

12 gallons manure water -pSO 
fluid ounces phosphoric acid 

1 fluid ounce Vita-FIor (Vita- 
min B comnlex) 

11 

Water only (Che(^) ........ 

Difference necessary for sig- 
nificance 19 to 1 


To Aug 31 

Sep 1 to 

Sep 10 

Sep 11 to 
Sep 27 

Total yields 

Tons 

Per 

Acre 

Gain 

or 

Loss 

Tons 

Per 

Acre 

Gain 

or 

Loss 

Tons 

Per 

Acre 

Gain 

or 

Loss 

Tons 

Per 

Acre 

Gain 

or 

Loss 

1.00 

.49 

2.79 

1.79 

8.12 

,75 

11.91 

3.03 

.97 

.46 

2.94 

1.94 

7.63 

.26 

11,54 

2.66 

1.04 

.53 

2.43 

1.43 

7.86 

.49 

11.33 

2.45 

.73 

.22 

1.39 

.39 

9.06 

1.69 

11.18 

2.30 

.78 

.27 

1.30 

.30 

8.96 

1.59 

11.04 

2.16 

.73 

.22 

1.50 

.50 

8.66 

1.29 

10.89 

2.01 

1.05 

.64 

2.74 

1.74 

6.97 

-.40 

10.76 

1.88 

1.03 

.52 

2.36 

1.36 

7.35 

-.02 

10.74 

1.86 

.67 

.16 

1.38 

.38 

8.55 

1.18 

10.60 

1.72 

.66 

.15 

2.0 

1.00 

6.92 

-.45 

9.58 

.70 

.51 

— 

1.0 

' — 

7.37 

— 

8.88 

— 

— 

.31 

— 

.64 

— 

1.55 


1.71 


Entire field fertilized with 600 pounds of 5-20-6 per acre drilled before setting plants. “Starter’ ’ 
solutions applied at rate of M pint per plant except number 1 which received M pmt. Only market- 
able fruit included in these records. 


tained either mono-ammonium or di-ammonium phosphate produced 
significant gains in early yields and also in mid-season yields as com- 
pared with the check. None of these treatments produced significant 
gains in late yields (after September 10) but the large earlier yields 
resulted in significant gains in the total yields. There was no significant 
difference between these treatments. It appears, therefore, that nitro- 
gen and phosphorus are particularly important ingredients of a starter 
solution in stimulating earliness of tomatoes. 

The largest total yield was produced by treatment No. 1 which con- 
sisted of 4 pounds of the mixture of two parts Ammo Phos and one 
part nitrate of potash dissolved in 50 gallons of water. This solution 
was used at the rate of pint per plant. All of the other treatments 
were used at the rate of pint per plant. This treatment produced 
an increase of .49 tons per acre in early yield, 1.79 tons in mid-season 
yield, and .75 tons in late yield. The total yield was 3.03 tons greater 
than the check. The ingredients for this treatment known as the 
11-32-14 transplanting mixture retailed in Geneva at 55 cents for 10 
pounds or $4.00 per 100 pounds. At the 10 pound price the 14j4 
pounds of materials for this treatment cost only 80 cents per acre. 
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Therefore, the gain of 3.03 tons from this treatment was veiy profitable. 

This same mixture was used at double the concentration (8 pounds 
per 50 gallons) in treatment No. 8 but using only half as much solution 
(H Consequently the total amount of material used 

was the same in each treatment except that more water was used in 
No. 1. Treatment No. 8 produced an increase in early yield of .52 
tons, a mid-season gain of 1.36 tons, no gain in late yield," and a total 
gain of 1.86 tons, which was also a very profitable treatment. 

The second largest total yield was produced by treatment No. 2 
which was composed of 5 pounds of a mixture of di-ammonium phos- 
phate and mono-potassium phosphate in SO gallons of water. This 
treatment produced a gain of .46 tons in early yield, the largest mid- 
season yield with a gain of 1.94 tons more than the check, a slight 
gain (.26 ton) in late yield and a total gain of 2.66 tons more than the 
check treatment. 

The third largest yield was produced by treatment No. 3, which 
consisted only of 5 pounds 5 ounces of Ammo Phos A per 50 gallons. 
This is the same amount of Ammo Phos as used in treatments Nos. 7 
and 8. Previous greenhouse tests had indicated that phosphorus was 
the ingredient in the ‘‘starter” solution that was most effective in 
stimulating growth of plants though the tests also indicated that a 
physiologically balanced mixture of nitrogen, phosphorus, and potash 
was better than phosphorus alone. In this test, treatment No. 3, which 
contained the same amount of phosphorus and two-thirds as much 
nitrogen and no potash, gave as good results as treatments 1, 2, 7 and 8. 
However, this experiment was on an alkaline well-buffered soil. Some 
greenhouse tests on acid, poorly buffered soils showed a marked 
advantage in having some nitrate of potash with the Ammo Phos. 
In this field experiment, however, the Ammo Phos alone produced 
significant gains in early and mid-season yields, a slight but not 
significant gain in late yields and a significant gain of 2.45 tons in total 
yields, which made it a very profitable treatment. 

The only other treatment to produce significant gains in early, mid- 
season, and total yields was No. 7, which was the same as No. 8 plus 
1 fluid ounce of Vita-Flor (Vitamin B complex) per 50 gallons of 
water. This treatment produced a gain of .54 ton in early yield, 1.74 
tons in mid-season gain, but produced .4 ton less than the check in the 
late yield. The total gain from this treatment was 1.88 tons. The yields 
from treatments No. 7 and No. 8 were practically equal and the only 
difference between the treatments was that No. 7 contained Vitamin B 
complex. It is evident, therefore, that the vitamin was of no value in 
the transplanting solution. 

None of the five treatments that produced significant gains in the 
early and mid-season yields were significantly better than the check 
in late yieldis (after September 11) though their total yields were all 
significantly better than the check. There were two treatments (Nos. 
4, 5), however, which produced significantly larger late yields than the 
check, and these late gains combined with small earlier gains produced 
significantly larger total yields than the check. These treatments show 
some interesting comparisons that merit consideration. 
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Treatment No. 4 which consisted only of 5 pounds of mono-potas- 
sium phosphate per 50 gallons produced the largest late yield (1.69 
tons more than the check) and small but not significant gains in early 
and mid-season yields, but a substantial gain (2.3 tons) in total yield. 
This treatment contained the same amount of phosphorus and twice as 
much potash as treatment No. 2, but no nitrogen. Since treatment 
No. 3 which contained nitrogen and phosphorus but no potash pro- 
duced significantly larger early and mid-season yields than No. 4 or 
No. 5, it appears, that in the transplanting solution, nitrogen with 
phosphorus is more important than potash with phosphorus in increas- 
ing earlier maturity of tomatoes. It is interesting to note that in the 
1939 experiments (2) the mono-potassium phosphate also produced 
a significant gain in the late crop. 

Another treatment that produced a large late yield was No. 5, which 
consisted only of 2 pounds 11 ounces of nitrate of potash. This is the 
same amount of nitrate of potash as used in treatments No. 7 and 
No. 8 and should be compared with these treatments and with treat- 
ment No. 3 to show the relative importance of the Ammo-Phos and of 
the nitrate of potash in the special mixture of two parts Ammo Phos 
and one part nitrate of potash used in treatments 1, 7 and 8. Comparing 
these various treatments it is evident that the phosphorus with nitrogen 
was more important than phosphorus with potash or nitrogen with 
potash in increasing early yields, and that a balanced ratio of nitrogen, 
phosphorus, and potash was better than a mixture lacking any one of 
these elements. 

Treatment No. 6 which consisted of 1 liquid ounce of phosphoric 
acid (75 per cent) per gallon of water produced a large late yield 
which resulted in a significant gain in total yield though the early 
gains were trifling. From the appearance of the plants and roots shortly 
after transplanting it was found that this solution was too acid and 
injured the roots though the plants subsequently recovered. This prob- 
ably accounts also for the poor showing made by treatment No. 9, 
which contained the same amount of phosphoric acid plus manure 
water. The author had expected this to be a superior treatment because 
the manure water contains growth promoting substances and minor 
elements and nitrogen and potash. It was to boost the low phosphorus 
content that the phosphoric acid was added, but it is known now that 
the acidity proved injurious to the roots. A less acid form of phos- 
phorus would have been better. 

Treatment No. 10 consisting only of 1 fluid ounce of Vita-Flor 
(Vitamin B complex) per 50 gallons of water was the only treatment 
that failed to produce a significant gain in either early, late, or total 
yields. This and the results obtained with treatment No. 7 support 
other experiments at Geneva and at many other stations showing that 
the addition of Vitamin B is of doubtful value in crop production in an 
agricultural soil. 

Another experiment was designed to show that a starter solution 
is not adequate as the sole fertilizer treatment; but is, as the name 
implies, merely a readily available fertilizer applied at a critical time 
in the life of the plant so as to give the plant a quicker start and thus 
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Stimulate earlier growth and larger yields. A very small amount of 
plant food is all that a small seedling or plant requires and if this small 
amount is correctly applied when most needed it will produce extra- 
ordinary returns. 

In this experiment the plats were l/40th of an acre and were three 
rows wide. Each treatment was replicated three times. The plants were 
set with a Holland transplanting machine adjusted to eject pii^t of 
water around the roots as each plant was set. In this experiment the 
starter solution was a mixture of two parts Ammo Phos 11-48 and 
one part nitrate of potash 13-0-44 used at the rate of 8 pounds of the 
mixture per 50 gallons of water, the same as in treatment No. 8, 
Table I. A green manure crop of 2-year-old sweet clover was plowed 
under for this tomato crop and probably accounts for the large yields 
of the unfertilized plots. Table II gives the average yields of marketable 
fruit from the three replications of each treatment. 


TABLE II — Effect of “Starter” Solution and Drilled Fertilizer on 
Yield of Tomatoes ( 1940 ) 




Early Yield 

[ Total Yield 

No. 

Treatment 

Tons 

Gain 

Tons 

Gain 



Per 

Over 1 

Per 

Over 



Acre 

Check 

Acre 

Check 

. 

12 

fArf-ilisifir (elieclc) 

.76 



8.38 



13 

Starter solution only 

1.66 

.90 

9.31 

.93 

14 

Starter solution +600 pounds 5-20-5 drilled 

2.64 

1.88 

12.30 

3.92 


Difference necessary for significance (19 to 1) 

— 

.72 

— 

1.60 


These plats showed some interesting differences as the. season pro- 
gressed. Within 2 weeks after transplanting the lots receiving starter 
solution (Nos. 13 and 14, Table II) had become established and were 
growing rapidly and were considerably larger than the check plats 
(No. 12). There was no apparent difference in the rate of growth of 
the lots which received starter solution only (No. 13) and the lot 
receiving starter solution plus field fertilizer (No. 14) until about 
S weeks after transplanting. At that time plants in both these lots were 
distinctly larger than those in the lot receiving no fertilizer. But from 
then on the lot that received field ferilizer (No. 14) grew considerably 
larger than the one receiving starter solution only (No. 13), which 
maintained its advantage over the unfertilized lot (No. 12). It was 
evident that the “starter” solution stimulated earlier growth but that 
as the plants grew additional fertilizer was needed to produce a large 
crop. 

The stimulating effect of the “starter” solution is showm in Table II. 
The “starter” solution alone produced 1.66 tons of early tomatoes or 
more than double the .76 ton produced with no fertilizer. This gain of 
.9 ton in early yield was substantially the same as the ,93 ton gain in 
total yield due to the “starter” solution alone. However, in the areas 
where 600 pounds of 5-20-5 fertilizer was applied deeply with a ferti- 
lizer drill before the plants were set and then “starter” solution used 
in the transplanting machine (No. 14, Table II) the early yield was 
2.64 tons per acre or 1.88 tons more than the check. This is more than 
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double the gain pi'oduced by the ‘^starter’’ solution alone. The total 
yield from the fertilizer plus “starter” solution was 12.3 tons, a gain 
of 3.92 tons over the check and more than four times the gain from 
the starter solution alone. 

In a third experiment the same “starter” solution (8 pounds of 
11-32-14 per 50 gallons) was poured on tomato seed sown directly in 
the field. Direct seeded tomatoes are not transplanted and therefore 
develop a tap root and more deeply penetrating root system. However, 
they cannot be sown in the field until danger of frost is past. The short 
frost-free period at Geneva makes a very short growing season. Con- 
sequently the “starter” solution was tried on some direct seeded toma- 
toes to see if it would hasten their development. 

This experiment was adjacent to that reported in Table I and re- 
ceived the same fertilizer treatment, that is 600 pounds of 5-20-5 
commercial fertilizer drilled deeply across the entire field, 2 days before 
the seed was sown. The field was marked off in rows 5 feet apart and 
cross marked 3 feet apart. At each cross mark about 10 tomato seeds 
were dropped and % pint of “starter” solution poured on the seed 
(treatment No. IS, Table III), and plain water in the check 

treatment (No. 16). The seed was then covered by scraping a little 
soil over it with the foot. This seed was sown May 8. Each treatment 
was replicated five times with 20 “hills” per row. When the seedlings 
were about 3 inches high they were thinned to one plant per hill and 
there was a full stand on all rows. The yield records are given in 
Table III. 


TABLE III — ^Effect of “Starter” Solution on Field Seeded Tomatoes 




Early Yield 

Total Yield 

No. 

Treatment 

Tons 

Gain 

Tons 

Gain 



Per 

Over 

Per 

Over 



Acre 

Check 

Acre 

Check 

15 

pint “starter" solution 

.77 

.63 

8.49 

1.15 

16 

pint water (check) 

.14 


7.35 


Difference necessary for significance (19 to 1) 


.29 

1 1.32 


As these seedlings emerged the stimulating effect of the “starter” 
solution soon became apparent. The seedlings in all replications that 
received the “starter” solution grew much more rapidly and as shown 
in Table III they produced a significantly earlier crop, .63 ton gain ; 
and a larger total yield, 1.15 tons gain, a very profitable increase from 
80 cents worth of fertilizer. 


Conclusions 

A small amount of readily available fertilizer in solution poured 
around tomato roots when transplanted to the field or on the seed when 
seeded directly in the field proved very effective in stimulating earlier 
growth and increasing yields under the conditions of these experi- 
ments. Mono-ammonium phosphate (Ammo Phos 11-48) alone or in 
combination with nitrate of potash (13-0-44), and also a mixture of 
di-ammonium phosphate and mono-potassium phosphate proved the 
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most satisfactory of the 10 combinations tried in this experiment. One- 
fourth pint of very dilute solution per plant was sufficient. Vitamin B 
complex as used in this test proved of no value. Materials for a good 
‘"starter” solution cost only about 80 cents per acre and can be mixed 
in the water in the transplanting machine. The ‘‘starter” solution was 
not adequate as the sole fertilizer, but was most effective when used 
as a supplement to the regular field fertilization. 
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The Effect of Fruit Rot of Eggplant on Seed Germination 

By E. H. Toole, R. E. Wester, and Vivian K. Toole, 

U, S. Horticultural Station, Beltsville, Md. 

I N a study of varietal differences in the germination of seed of egg- 
plant, preliminary tests indicated that the presence of fruit rot caused 
by the fungus Phomopsis vexans was associated with poor seed germi- 
nation without obvious evidence of diseased seedlings. Harter (2), 
Edgerton (1), and others have recognized that this fungus may cause- 
seedling blight as well as fruit rot. Edgerton has shown that fungus 
mycelium may be found in apparently sound seeds. This study was 
made to determine the relation of fruit infection to seed germination 
without any attempt to determine seed infection. 

On October 7, 1940, fruits were collected at Beltsville, Maryland, 
from the two varieties Black Beauty and Fort Myers Market, from 
plants raised in the Vegetable Variety Standardization project. The 
fruits of each variety were divided into four groups : no infection, slight 
infection with one to two lesions per fruit, medium infection with 
several lesions per fruit, and severe infection with 80 to 100 per cent 
of the fruit surface covered with lesions (Fig. 1). There were six to 
nine fruits in each group. x\fter extraction, the lightest “seed’' was 
floated off in water. After drying overnight at room temperature, the 
material was cleaned with a vertical air blast in an attempt to separate 
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TABLE I— Progress of Germination at 20 to 30 Degrees C Temperature 
Alternation of Eggplant Seed From Healthy and Diseased Fruits 


Days in 
Germination 

Percentage of Germination of Seed from Fruits Infected as Shown 

None 
(Per Cent) 

Slight 
(Per Cent) 

Medium 
(Per Cent) 

Heavy 
(Per Cent) 



Black Beauty 



5 1 

92.50 

43.25 

35.00 

34.50 

6 

97.25 

68.50 

47.25 

54.75 

7 

98.00 

79.50 

54.25 

62.00 

10 

98.50 

90.25 

64.25 

67.50 

11 

98.50 

90.25 

64.25 

68.25 

14 

98.50 

90.50 

72.25 

71.00 

21 


Oft sn 

74 05 

71 25 


Ft. Myers Market 



5 

75.50 

27.50 j 

24.00 

39.75 

6 

91.00 

41.75 

33.25 

57.50 

7 

99.00 

50.50 

43.00 

63,00 

10 

99.25 

61.50 

72.75 

73.50 

11 


61.50 

75.00 

73.75 

14 



eaiio 

82 50 

75 75 

21 

— 

63.55 

84‘.25 

76.25 


the empty coats and light, poorly developed "‘seeds'’ from the heavy 
well developed seeds. Germination tests were started October 12 using 
only the heavy seeds. The seed was placed between moist blotting 
paper in quadruplicates of 100 and kept at 30 degrees C for 7 hours, 
and at 20 degrees for 17 hours each day. 

The results of the germination tests are shown in Table 1. The seeds 
from the healthy fruits germinated at a much faster rate and had a 
much higher final percentage of germination than the seeds from the 
diseased fruits. Seeds from the three classified groups of diseased fruits 
showed no consistent differences in their germination behavior. 

The slight irregular differences in moisture content of the seeds from 
the different groups would not explain the differences in germination 
(Table II). The bulk of seed extracted from healthy fruits had a very 
large proportion of heavy seeds with a plump hard surface, but the 
bulk of seed from the three groups of diseased fruits had an appreciably 


TABLE II — Some Characteristics of the Seed Recovered From Healthy 
and From Diseased Fruits of Eggplant 


Degree of Fruit 
Infection 


Approximate 
Per Cent of 
“Heavy” Seed 
in Bulk 


Moisture 
Content 
(Per Cent)* 


Weight of 
XOOO “Heavy” 
Seeds (Diy 
Weight Basis — 
Grams) 


Relative Weight 
of Seeds 
Compared to 
Healthy as 1 


Black Beauty 


None 

Slight . . 
Medium, 
Heavy. . 


99 

9.55 

4.564 

90 

8.93 

4.046 

89 

8.84 

3.605 

85 

8.68 

3.999 


1 

0.89 

0.79 

0.88 


Ft, Myers Market 



99 

9.13 

3.955 

1 


50 

8.87 

3.869 

0.98 

Medium 

78 

9.15 

3-747 

0.96 

Heavy 

92 

8.77 

3.767 

0.96 


♦Day on which germination teets were started. 
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lower, and in some cases, much lower proportion of heavy seeds ; and 
many of these, although hard, were shrunken and discolored. With 
Black Beauty, the heavy seeds from the diseased fruits were lighter in 
weight than from healthy fruits. It would appear that the presence of 
the rot in the fruit results in poor development of the seed and in 
retarded and lower germination. 

Literature Cited 
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Furtlier Studies of Electricity in Sweetpotato Plant 
Production 

By J. B. Edmond and G. H. Dunkelberg, Clenison Agricultural 
College, Clemson, S. C. 

Abstract 

The complete paper will be published as a bulletin of the South Carolina Agri- 
cultural Experiment Station, 

I NVESTIGATIONS were initiated at Clemson College in the spring 
of 1939 to determine the influence of certain environmental and 
cultural factors on sweetpotato plant production in electrically heated 
hotbeds. The most important results are published in the Fifty-second 
Annual Report of the South Carolina Agricultural Experiment Station 
( 1 ) . The investigations were continued in the spring of 1940. Tests 
were made with various types of hotbed covers, narrow and moderately 
wide horizontal spacing of the heating cable, different soil tempera- 
tures, various types of bedding media and “regular"' and “crowded" 
bedding of the roots. 

The covers tested were muslin, Sunray cloth, Sunray glass and 
Cal-Nitro sacks. The results show that Sunray glass and Cal-Nitro 
sacks produced a greater number of plants per root and per bushel than 
muslin and Sunray cloth. On the other hand, the Sunray cloth con- 
sumed less electricity than Cal-Nitro sacks, Sunray glass and muslin. 
Since muslin produced the lesser number of plants per root and per 
bushel and used a larger quantity of electricity, it was the least satis- 
factory type of cover used in the experiment. Further tests are neces- 
sary on the other type of covers before definite recommendations can 
be made. 

The heating cable was placed 7, 10 and 13 inches apart. The data 
show that the influence of the 10-inch spacing is particularly striking. 
It produced considerably more plants per root and per bushel than the 
13-inch spacing and used considerably lesser quantities of electricity 
per unit area of bedding space than the 7-inch spacing. This greater 
plant production and lesser electrical consumption combined to produce 
more plants per unit of electricity than the 7-inch and the 13-inch 
spacings. In other words, the data show that the 10-inch spacing is 
more economical than the 7-inch and 13-inch spacings. Accordingly, 
spacing of the cable approximately 10 inches is recommended. 

Soil temperatures compared were 73 to 75 degrees F, 78 to 80 
degrees F, 83 to 85 degrees F and 88 to 90 degrees F. Plant production 
and electrical consumption varied with the hotbed soil temperature. 
In general, the higher the soil temperature the greater was the number 
of plants per root and per bushel and the greater was the quantity of 
electricity used per unit area of bedding space. However, the highest 
temperature did not produce the most profitable returns. On the basis 
of a price of $1,75 per thousand plants for the entire plant production 
period and a cost of 2 cents per kilowatt-hour for the electricity, the 
83 to 85 degrees F bed produced the highest net returns followed by 
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the 78 to 80 degrees F bed, the 88 to 90 degrees F bed and the 73 to 
75 degrees F bed in the order named. For the commercial plant grower, 
at least, the maintenance of a temperature from 80 to 85 degrees F 
is recommended. 

Bedding media compared were soil, sand and sawdust. The data 
show that the bedding media markedly influenced plant production and 
electrical consumption. The soil, as a bedding medium, produced by far 
the greater number of plants per root and per bushel and used a some- 
what greater quantity of electricity per unit area of bedding space than 
sand or sawdust. As a result of the greater plant production of the 
roots bedded in soil, the number of kilowatt-hours required to produce 
1,000 plants was significantly lesser than that for the other media. 
Although these results indicate that soil as a bedding medium is 
superior to the other media tested, additional experiments with these 
materials will be made in 1941. 

“Crowded” bedding consisted of placing 300 roots in 18 square feet 
of bedding space and “regular” bedding consisted of placing 150 roots 
in an equal area. The results show that “crowded” bedding markedly 
increased the number of plants produced per unit area of bedding space 
and only slightly increased the amount of electricity necessary to main- 
tain the proper temperature. This greater plant production combined 
with the slightly greater electrical consumption markedly decreased the 
amount of electricity required to produce unit number of plants. 
Furthermore, “crowded” bedding failed to increase rotting in the 
bedded stock. These results are similar to those obtained in 1939 and 
indicate that this method of bedding is worthy of trial, particularly for 
the grower who practices sanitation in plant production operations. 

Lixerjvtore Cited 

1. Edmond, J. B., and Dunkelbeeg, G. H. Electricity in sweet potato plant 
production. 52nd Atm. Rep. S. C. Agr. Exp. Sta. Dec. 1939. 



Some Responses of Tomato Fruits to 
Methyl-Bromide Fumigation 

By J. E. Knott and L. L. Claypool, University of California, 

Davis, Calif, 

T omatoes moving from California into the Northwest are fumi- 
gated with methyl-bromide for the control of the tomato pinworm. 
The packed lugs are placed in cars, drains and leaks plugged with wet 
papers, and methyl-bromide introduced into the car at the rate of 
2 pounds per 1,000 cubic feet of car space. After 2 hours of exposure 
to the gas the cars are aired with fans for 1 hour. Little gas is supposed 
to remain in the car after a half hour of airing except that which has 
been absorbed by the fruit. 

The cars are shipped under standard ventilation. During periods of 
high temperature the handling and shipping procedure may result in 
fruit temperatures averaging well above 80 degrees F from the time 
of harvest until the fruit reaches its destination. 

The poor market quality of the fruit noted in some gassed shipments 
on arrival at destination raises the question whether the CHaBr may 
have an influence on the fruit. The results of certain preliminary 
studies are reported here. 

Experimental Methods 

‘'^Mature-green” fruits, and in some experiments *'pink” fruits were 
placed in 5 -gallon glass containers in a room the temperature of which 
ranged between 70 and 90 degrees with an average of 80 degrees F. 
These containers w^ere sealed and gassed with CHsBr at various con- 
centrations for different lengths of time ranging from less to somewhat 
more than the commercial treatment. The control jars were sealed with- 
out gassing for 4 hours and then ventilated. Following treatment the 
seals were removed, and the jars aired for 24 hours in order to remove 
as completely as possible all CHsBr from the fruits. Then the fruits 
were placed in respiration chambers or in storage rooms. Periodic 
observations were made of the rate of ripening of the various lots. 
When the fruits were ripe duplicate samples of juice for each lot were 
obtained by grinding and filtering composites consisting of quarters of 
each of the fruits. The pH of the juice was determined with a quin- 
hydrone electrode, the soluble solids by means of a Zeiss hand re- 
fractometer and the total acidity by titration of a 1-10 dilution with 
distilled water using phenoththalien or cresol red as an indicator. 
Samples of the fruits comparable to those used in other tests were 
tasted by a group to determine if the edible quality had been affected. 

Fruits used in respiration were allowed to ventilate one day after 
fumigation prior to setting up in the respiration chambers except in 
the case of one series of pinks, where respiration tests were begun as 
soon after fumigation as was feasible. All respiration tests were made 
in a constant temperature room set at 68 degrees F. 

The method used in determining the respiration rate was by means 
of collecting in an alkali solution the CO 2 emanating from the fruit. 
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Compressed air was bubbled through two jars containing NaOH to 
remove the CO 2 present, and then on through jars containing the fruits 
under study, after passing through flowmeters regulated to a uniform 
volume. x\fter passing over the fruit the air was bubbled through a 
sintered glass bubbler into an absorption tower containing NaOH. 
One cubic centimeter of butyl alcohol was used in each tower to in- 
crease surface tension and reduce the size of bubbles. 

The amount of CO 2 was determined by making the NaOH-'Na 2 C 03 
solution up to volume and titrating an aliquot with .IN HCl after 
adding an excess of BaClo- A double indicator of Thymol Blue and 
Cresol Red was used, titrating through the blue but not the pink to 
a pH of about 7.6. 


Treatments and Results 

Ripening : — Fruits of the variety Pearson were harvested September 
9, gassed, aired and on the following day placed under different tem- 
perature conditions. Beside the two control lots, the treatments com- 
prised 1 pound of CHgBr per 1,000 cubic feet for 2, 4, and 8 hours, 
2 pounds for 1, 2, 4 or 8 hours and 4 pounds for 1, 2, or 4 hours. Part 
of the fruits were used for respiration studies at 68 degrees F (relative 
humidity above 90 per cent) , others were held at an average tempera- 
ture of 80 degrees F (relative humidity 35 per cent) while the re- 
mainder were placed at 50 degrees F (relative humidity 80 per cent) 
for 10 days and then moved September 20 to a ripening room the 
temperature of -which was maintained at 68 degrees F (relative humid- 
ity 90 per cent). The fruits which were gassed at the 4 pound rate were 
all injured and spoiled quickly without ripening regardless of the 
subsequent temperature. The fruits treated with 2 pounds of gas for 
4 or 8 hours also broke down without ripening in the 50 degrees F 
storage. 

After 11 days at 80 degrees F there were fewer ripe fruits in the 
controls than in the treated lots. The fruits held at 68 degrees F showed 
after 10 days a somewhat greater number of ripe fruits in the controls 
than in the gassed lots. The tomatoes which had been held previously 
for 10 days at 50 degrees F showed after 7 days at 68 degrees F a 
larger percentage of ripe fruits in the controls than in those treated. 

On September IS, fruits of the variety 133-6 w^ere harvested, gassed, 
aired and on the next day placed under temperatures similar to those 
described above. The treatments consisted of 1 pound of methyl- 
bromide for 4 hours, 2 pounds for 1 hour and 2 pounds for 2 hours. 
After 12 days at 80 degrees F there were as before fewer ripe fruits 
in the controls than in those treated with CHgBr. At the end of 8 days 
at 68 degrees F there was little difference between the controls and 
those receiving 1 pound of the bromide for 4 hours, but the ripening 
of the fruit gassed with 2 pounds was delayed. When the fruits were 
held for 10 days at 50 degrees F and then for 12 days at 68 degrees F 
the ripening of the controls was considerably ahead of that of the 
gassed fruits. 

_ Fruits of the variety, 133-6 were harvested September 23, gassed, 
aired for 24 hours and then placed at the various temperatures used 
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Fig. 1. The respiration curves obtained with ^‘mature green” 133-6 tomatoes 
harvested September 23. The respiration determinations commenced after 
a 24-hour ventilation period. 


above. The data on this lot are presented in Table I. In this series 
also the ripening of the controls at 80 degrees F was slower than for 
the tomatoes treated with CHsBr. The ripening of the 2 pound for 
4 hours treatment held at 68 degrees F for IS days appears to be 
abnormal as was also the respiration curve for this particular lot 
(Fig. 1). After 10 days storage at SO degrees F the controls sub- 
sequently ripened more rapidly than the gassed tomatoes. 

It would appear from the data in Table I that the ripening of the 
controls was somewhat slower at 80 degrees F than at 68 degrees F, 
although the lower relative humidity at the higher temperature may 
have been a factor. Flowever in the series of September 9 and 18 this 
delay of ripening at 80 degrees also occurred. Rosa (2) and Wright 
and Gorman (3) have pointed out that at 80 degrees F and above the 
coloring of tomato fruits is affected. 

A series with mature green tomatoes of the Norton variety was run 
at one temperature beginning September 24. The data given in Table 
II, show a marked retardation of ripening at 68 degrees F (relative 
humidity 90 per cent) from the CHsBr treatments. 

Two series of *'pink” fruits were studied, one of Pearson and the 
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TABLE I— The Effect of CHsBr on the Ripening of 133-6 Tomatoes 
Under Different Storage Conditions 


Treatment Per 
1000 Cubic Feet 

Number at Each Stage 
of Maturity After 13 
Days at 80 Degrees P 

Niunber at Each Stage 
of Maturity After 15 
Days at 68 Degrees P 

Number at Each Stage 
of Maturity After 10 
Days at 60 Degrees P 
and 14 Days at 

68 Degrees F 

Green Turning Ripe 

Green Turning Ripe 

Green Turning Ripe 

Control 

15 6 

2 5 6 

0 3 10 

0 3 10 

0 8 5 

0 7 6 

0 7 6 

0 8 5 

0 3 10 

0 4 9 

0 3 10 

1 10 2 

0 7 6 

0 5 8 

0 5 8 

0 6 7 

Control 

1 pound — 2 hours.. . 

1 pound— 4 hours.. . 

2 pounds — 1 hour.. . 
2 pounds — 2 hours. . 
2 pounds — 4 hours. . 

3 5 5 

2 4 7 

1 2 11 

0 6 7 

12 3 8 


other of 133-^. Both were stored at 68 degrees F (relative humidity 
90 per cent) following treatment. No differences in the rate of ripen- 
ing was observed between the controls and the treated fruits. Jones 
(1) stated that methyl-bromide fumigation caused a delay in the 
coloring at room temperature of 3 to 4 days in the case of “pinks'^ 
and 4 to 6 days for mature green tomatoes. He could discover no 
effect of the residual CHsBr in the fruits on their quality. 

As to the internal characteristics of the ripened fruits no consistent 
effects of the CHsBr treatment were noted in the soluble solids, pH, 
or titratable acidity. AVhen stored at 80 degrees F the fruits which 
were gassed longest and those which received the heavier concentra- 
tions seemed to have an insipid flavor. The commercially gassed fruits 
were in this group. The fruits which received the CHsBr fumigation 
appeared in general to be somewhat softer when ripe than were the 
controls. Whenever decay was a problem it w^as more severe in the 
fruits treated with CHgBr. When the fruits were ripened at 68 degrees 
F no striking differences in flavor were noted. 

Respiration : — ^Respiration trials were conducted on four lots of 
“mature greens” and two of “pinks”. There was good agreement in 
the tests with these lots. Fig. 1 shows a respiration series of a lot of 
“mature greens” of the 133-6 variety harvested September 23. 

There is an immediate sharp increase in the respiration rate in all 
lots treated with CHsBr, being as much as three times that of the 
controls. However, this high rate of respiration is not maintained, W 
drops off very sharply and within a period of 3 to 4 days it may be even 
less than that of the controls. The respiration rate of the fumigated 


TABLE II— The Effect of CHsBr on the Ripening op Norton Tomatoes 


Treatment Per 1000 
Cubic Feet 


Control 

1 pound — 2 hours . 
1 pound— 4 hours . 

1 pound — 8 hours. 

2 pounds — 1 hour. 
2 pounds — 2 hours. 
2 poimds— 4 hours. 


Number at Each Stage of Maturity After 7 Days 
at 68 Degrees P 


Green 

_ _ _ 

Turning 

Ripe 

4 


14 

8 


7 

7 


8 

8 


4 

10 


3 

10 


0 

9 


3 
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fruits then remains less 
than the controls until 
the fruits approach full 
color. In an earlier test 
some longer exposure 
and higher concentra- 
tions of CHsBr were 
used, but the fruits were 
injured and decay set in. 
In the tests in Fig. 1, lot 
7 treated with 2 pounds 
CHsBr for 4 hours may 
have been slightly injur- 
ed. Although care was 
exercised to remove from 
the mature green toma- 
toes all those which 
showed any sign of 
“breaking” there may 
have been some in this 



.10-23 10-24 10-25 10-26 10-27 


lot which were a little c* ^ i.. . j i 

nact thf- matiiri- at-PPn respiration curves obtained with 

past matuie gieen ‘piijc” fruits of the 133 -^ variety placed 

stage. The total amount in the chambers shortly after the fumi- 

of CO2 evolved during gation period, 
the respiration period 

was found to agree closely wdth the ripening rate, higher CO 2 indicat- 
ing more i*apid ripening. 

The respiration curves of the three other series with “mature greens” 
were in agreement with the data in Fig. 1. 

Fig. 2 shows the respiration rate of “pinks” of the 133-6 variety 
harvested October 23. In this case the respiration measurements began 
shortly after the fumigation period was over. There was an immediate 
slight increase in the respiration rates of the fumigated lots followed 
within 24 hours by a small reduction in comparison to the control. 
In no case did the changes in respiration rates approach those in the 
“mature green” series. In the other lot of “pinks” aired for 24 hours 
after treatment the respiration rate of the gassed fruit had already 
dropped slightly below that of the control before the respiration study 
was initiated but again the differences were not great. 


Discussion 

There is an immediate speeding up of certain metabolic processes in 
“mature green” tomatoes when treated with CHsBr as indicated by 
the accelerated respiration rate at 68 degrees F. This is similar to the 
effect of ethylene as demonstrated on various other fruits. However, 
the subsequent reduced metabolic activity does not agree with the 
ethylene effect and indicates that several metabolic processes may be 
involved in the methyl bromide effect. It may be that the enzymatic 
system is upset by fumigation with CHgBr, but no enzyme studies have 
been run in conjunction with the tests reported here. It seems possible 
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that the activity of certain enzymes has been reduced and others in- 
creased. The respiration curve of fumigated fruits might well indicate 
that respirable materials were used up rapidly and depleted because of 
the slowing up of another process, thereby causing the end result to 
be a reduction in respiration rate. The data on ripening is in agreement 
with this idea, and indicate that the subject is worthy of further study, 
especially at temperatures of the magnitude of 80 degrees F. 
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Potato Quality III. Relation of Soil Reaction, Irrigation 
and Mineral Nutrition to Cooking Quality^ 

By Ora Smith and L. B. Nash, Cornell University , 

Ithaca, N. Y. 

T he authors (1, 2, 3, 4, S) have reported on various factors affect- 
ing the chemical composition, specific gravity and cooking quality 
of potatoes. In the present paper several additional factors are con- 
sidered and others more thoroughly discussed than in the previous 
papers. A high correlation has been established between the specific 
gravity and texture of tubers. In some instances in this work only 
specific gravity determinations have been made as an index of the 
texture of the tubers. 

Relation of Soil Reaction to Specific Gravity 
AND Culinary Quality 

From a series of 30 permanent soil reaction plots on which potatoes 
have been grown every year since 1932, with the exception of 1938. 
tubers were selected this year for cooking tests. In 1938 corn followed 
by rye was grown and plowed under as green manure. The soil re- 
action range in 1940 was from pH 4.88 to pH 7. 55. One hundred 
tubers were selected from each of the 30 plots and the specific gravity 
of each lot determined by placing the tubers in a series of sodium 
chloride solutions with differences between solutions of 0.004 in specific 
gravity. The specific gravity of each tuber was considered the same as 
that of the solution in which it first sank, plus 0.002, when it had been 
started at the high end of the scale. Average specific gravity of each 
lot was determined by multiplying the number of tubers which sank 
in each solution by the specific gravity of that solution plus 0.002 and 
then dividing the sum of these figures by the total number of tubers. 
Only those tubers which had the same specific gravity as the average 
for the lot were selected from each lot for cooking tests. From five to 
eight tubers were selected for each cooking lot. The tubers were peeled 
before boiling in same size and kind of porcelain-lined containers. The 
same amount of water, same time for boiling and uniform gas flames 
were used with each experiment. A rating of 10 was given to any 
extremely mealy samples and lower numbers as mealiness decreased 
or degree of sogginess increased. Similarly samples remaining white 
one-half hour after boiling were rated 10 with lower numbers given 
as the degree of blackening increased. In each case the data in Table I 
are averages of five plots or tuber samples. 

The data in Table I indicate that the average specific gravity of 
tubers increases when grown in soils of pH 4,88 to 5.30 to that of 
pH 6.73 to 7.19. A slight decrease in specific gravity occurs when 
grown in soils with slightly higher pH. The degree of mealiness like- 
wise increases from the tubers of the lowest soil reaction to those 

^Paper No. 228, Department of Vegetable Crops, Cornell University, Ithaca, 
New York. 
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TABLE I— Relation of Soil Reaction to Specific Gravity and Culinary 
Quality (Variety Smooth Rural) 


Soil Reaction Range (pH) 

Specific Gravity 

Texture* 

Colorf 

4.8S-5.30 

1.084 

8.7 

8.3 

5.31-5.85 

1.085 

8.9 

8.4 

5.93-6.40 

1.085 

9.2 

8.0 

6.57-6.68 

1.087 

9.6 

8.3 

6.73-7,19 

1.087 

10.0 1 

8.9 

7.26-7.55 

1.086 

9.5 

8.7 


^Degree of mealiness from extremely mealy (10) to extremely soggy (0). 
fDegree of blackening from none (10) to entire tuber dark (0). 


grown at pH 6.73 to 7.19. Those grown at still higher pH range are 
slightly less mealy. There appears to be a good correlation between 
specific gravity and degree of mealiness. The degree of blackening 
occurring in samples grown in ranges of reaction of pH 6.57 to 6.68 
or lower are very similar, all showing a considerable amount at the 
stem ends of the tubers. At reactions between pH 6.73 and pH 7.55 
there w’as considerably less blackening which also was confined to the 
stem ends of the tubers. Analyses of these soils in 1936 (1) showed 
that at the higher pH ranges the largest amounts of soluble calcium, 
phosphorus and magnesium were found. In a later section of this paper 
it is indicated that calcium may be an important ion in increasing 
mealiness of tubers. 

Effect of Irrigation and Rate of Fertilizer Application 
ON Culinary Quality 

Tubers were grown on a silt loam soil in plots which had been ferti- 
lized with 1,000, 1,500, 2,000, 2,500 and 3,000 pounds of 4-S-*8 ferti- 
lizer to the acre and receiving water only in the form of rainfall. 
Similar plots received the same rates of fertilizer application but in 
addition to rainfall, a series of overhead irrigations w^ere made in July, 
August and September, totaling 4.52 acre inches of w^ater. Fifty to 100 
tubers were selected from each of the above plots, in duplicate, the 
specific gravity of each lot and the cooking tests being made as ex- 
plained in the preceding section. Each figure in Table II is the average 
of duplicate determinations. 


TABLE II — Effect of Irrigation and Rate of Fertilizer Application 
ON Culinary Quality, Dry Weight and Specific Gravity 
OF Tubers (Variety Smooth Rural) 


Rate of Fertilizer 
.Application 
(Pounds /Acre) 

1 Irrigated 

Not Irrigated 

Ax^erage 

Specific 

Gravity 

Dry 

"Weight 

(Per 

Cent) 

Texture* 

Colorf 

Average 

Specific 

Gravity 

Dry 

WTeight 

(Per 

Cent) 

Texture* 

Colorf 

1000 

1.087 i 

23.34 

10 

9.25 

1.097 

25.19 

10 

9 

1500 

1.088 i 

23.45 

10 

7.75 

1.091 

23.76 

10 

8 

2000 

1.083 i 

22.70 

9 

7.75 

1.084 

22.57 

9 

8.25 

2500 

1,079 1 

21.67 

8 

8.50 

1.082 

22.13 

8.75 

6.76 

3000 

1.078 1 

21.14 

i 7.5 

6.25 

1.084 

22.75 

8.75 

8.5 


*tSee footnotes Table I. 
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In both the irrigated and non-irrigated lots in general there is a 
decrease in the specific gravity and percentage dry weight of the tubers 
as the amount of fertilizer application increases from 1,000 pounds to 
3,000 pounds to the acre. Tubers which had been grown with irrigation 
had a lower specific gravity at each of the rates of fertilizer application 
than tubers which had received no irrigation. This was true also with 
per cent dry weight at all rates of application except that of 2,000 
pounds. Although the average specific gravity of the irrigated tubers 
grown at 1,000, 1,500 and 2,000 pounds per acre applications was 
lower than the non-irrigated tubers with the same fertilizer treatments, 
no texture differences were detected. All rated mealy or very mealy. 
At the higher rates of fertilizer application, however, irrigated tubers 
were less mealy than those not receiving irrigation at the same rate of 
fertilizer application. In both the irrigated and non-irrigated lots, the 
tubers receiving heaviest application of fertilizer were the least mealy. 

There appears to be no consistent differences in degree of blacken- 
ing at any rate of fertilizer application between irrigated and non- 
irrigated tubers. There is in general, however, an increase in the degree 
of blackening as the rate of fertilizer application increases. This is more 
marked in the irrigated than in the non-irrigated tubers. 

Relation of Ratio of Nitrogen, Phosphorus and PotassiuivI 
TO Culinary Quality 

Row applications at time of planting were made of eight combi- 
nations of amounts of nitrogen, phosphorus and potassium as shown 
in Table III. These tubers of the Green Mountain variety were grown 
on Long Island in a silt loam soil. Approximately 60 tubers were 
selected in duplicate from each of the eight fertilizer treatments and 
the specific gravity, dry weight and culinary quality determined as 
mentioned in a preceding section. All data in Table III are averages 
of duplicate determinations. 

In all four sets of comparisons of low and high potash applications 
with the nitrogen and phosphorus remaining the same in each com- 
parison (treatments 1-3, 2-4, 5-7, 6-8) tubers from plants receiving 
most potash had a lower specific gravity, lower dry weight per cent 
and lower texture rating than those receiving least potash. Similarly 
those from high nitrogen treatments had a lower specific gravity, lower 


TABLE III — Relation of Ratio of Nitrogen, Phosphorus and Potas- 
sium TO Culinary Quality, Dry Weight and Specific Gravity 
of Tubers (Variety Green Mountain) 


Treatment 

No.|: 

Pounds Per Acre 
N-PaOff-KaO 

Specific 

(Gravity 

Dry Weight 
(Per Cent) 

Texture* 

Colort 

1 

60-120- 80 

1.085 

23.20 

5.75 

10 

2 

60-200- 80 

1.086 

22.65 

7.00 

10 

3 

60-120-200 

1.081 

22.41 

4.75 

10 

4 

60-200-200 

1.081 

21.92 

3.75 

10 


120-120- 80 

1.083 

22.28 

3.25 

10 

6 

120-200- 80 

i.081 

21.76 

2.75 

10 

7 

120-120-200 

1.079 

21.72 

3.00 

10 

8 : 

120-200-200 

1.079 

21.53 i 

2.25 i 

10 


*tSee footnotes Table 1. 

jThese tubers were kindly furnished by Prof. P. H. Wessels. 
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dry weight per cent and lower texture rating than those from low 
nitrogen treatments (l-S, 2 - 6 , 3—7, 4-8). On the other hand there 
were no consistent differences in specific gravity of tubers grown with 
high and with low applications of P 2 O 5 although in most instances 
high phosphorus applications resulted in decreased per cent of dry 
weight and decreased texture rating. Therefore, the most mealy pota- 
toes were those from the lowest applications of nitrogen and potash 
and decreased in mealiness with increases in the amounts of nitrogen, 
phosphorus and potash applied. 

All lots were rated rather low in texture as none was mealy. All 
were classed as slightly mealy to very soggy. Although in specific 
gravity these lots compared favorably with many grown in various 
places in upstate New York, the tubers when cooked were much less 
mealy. The reasons for these differences have not yet been detected. 

No color differences in tubers of any of the treatments could be 
detected as no blackening was noticeable in any of the samples. 

Relation of Various Salt Applications to 
Specific Gravity of Tubers 

In addition to a broadcast application of 500 pounds to the acre of 
5-10-5 fertilizer. 1 ton per acre of each of the substances listed in 
Table IV or yi ton per acre of each of two salts were applied in the 
row at planting time to a silty clay loam soil. Nothing was applied to 
one series of plots which served as a check. Fifty to 100 tubers were 
taken from each treatment at each date of harvest for specific gravity 
determinations. The results are presented in Table IV. 

In every instance, tubers harv’ested immature had a lower specific 
gravity than mature tubers of the same fertilizer treatment. Results 
of other experiments not reported here indicate that the lower specific 
gravity of immature tubers is not due to size of tuber as such, but is 
owing to lower dr}’ weight and starch per cent factors which are 
associated with immature tubers. Tubers grown with calcium chlo- 
ride applications liad a higher specific gravity than those with potas- 


TABLE IV— Relation of Various Salt Applications to Specific 
Gravity of Tubers (Variety Smooth Rural) 



! specific Gravity 

Treatment — 1 Ton Per Acre* 




Immature Tubers 

Mature Tubers 


Harvested Aug 29 

Harvested Oct 19 

Potassium chloride 

1.058 

1.071 

Sodium chloride 

1.050 

1.073 

Magnesium chloride 

1.057 

1.072 

Calcium chloride 

1.057 

1.075 

Potassium chloride, sodium chloride 

1.056 

1,072 

H Calcium chloride, J-jj magnesium chloride. ..... 

1,052 

1.074 

Calcium sulfate 

1.058 

1.084 

Majmesium sulfate 

1.070 

1.083 

H Calcium sulfate. V 2 magnesium sulfate 

1.070 

1.088 

20 Per Cent superphosphate 

1.073 j 

1.086 

Hydrated lime 

1.074 

1.087 

None. 

1.075 1 

1.090 


♦All plots received 500 potmds 5-10-5 per acre broadcast in addition to these treatments. 




SMITH AND NASH : POTATO QUALITY 


511 


sium chloride while those of magnesium and sodium chloride ranged 
between these two salts. In every case with the same cations the chlo- 
ride form of salt produced tubers of lower specific gravity than the 
sulfate form. Hydrated lime and superphosphate treatments produced 
tubers with high specific gravities. The tubers of highest specific grav- 
ity were those grown with no additional fertilizer treatment. 

Other lots of potatoes were grown in the greenhouse during the 
summer months in sand cultures to which solutions of altered K, Ca, 
Cl and SO4 ions were applied as indicated in Table V. 


TABLE V — Effect of Various Ions on the Specific Gravity of Tubers 



Low K 1 r'l 
High Ca / 

Low K 1 0 ^ 
High Ca / 

High K \ ct 
Low Ca / 

High K cr> 
Low Ca / 

specific Gravity 

1.057 

1.064 

1.058 

1.065 


Results of the specific gravity measurements of these tubers and 
observations of the plants during the growing season indicated that 
the chloride ion is more involved in the reduction of specific gravity 
of tubers than the potassium ion and that the sulfate ion is more impor- 
tant in increasing specific gravity of the tuber than the calcium ion. 


Conclusions 

The average specific gravity and degree of mealiness increases in 
tubers when grown in a soil of pH 4.88 to 5.30 to that of pH 6.73 to 
7.19 and decreases slightly at pH 7.26 to 7.55. Least blackening of 
cooked potatoes occurred at the higher pH ranges. 

In general there was a decrease in the specific gravity and dry weight 
percentage of tubers as the fertilizer applications were increased from 
1,000 to 3,000 pounds to the acre ; irrigated tubers being lower at each 
rate of application than those not irrigated. At the higher rates of 
application irrigated tubers were less mealy than the non-irrigated 
tubers. In general there is an increase in the degree of blackening of 
tubers as the rate of fertilizer application increases. 

Tubers from plants receiving heaviest potash and niti*ogen appli- 
cations had lower specific gravity, lower dry weight percentage and 
lower texture rating than tubers receiving least potash and nitrogen. 
No blackening occurred in tubers of any treatment. 

Immature tubers had a lower specific gravity than mature tubers of 
the same fertilizer treatment. 

With the same cations the cliloride form of salt produced tubers of 
lower specific gravity than the sulfate form. Calcium chloride appli- 
cations produced tubers of higher specific gravity than equal appli- 
cations of potassium chloride. 
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A Rare Abnormality in Stored Potato Tubers^ 

By E. V. Hardenburg, Cornell University, Ithaca, N. Y. 

I N MAY 1940, the author’s attention was called to an abnomial con- 
dition existing in a lot of Bliss Triumph potatoes stored in the house- 
cellar of a resident of Ithaca, New York. Until about mid- winter, these 
potatoes had been of very satisfactory culinary quality, but as the sea- 
son progressed, an internal condition developed making a large portion 
of the tubers inedible. A casual inspection of several bisected tubers 
led to the hasty assumption that rhizomes of nut grass, Cy penis escn- 
lentiis, or of quack grass, Agropyron repens, had entered the tubers 
during the growth period. On further dissection of the infested tubers, 
it was discovered that the internal strands permeating the tissue were 
roots originating at the base of the apical sprout. Over one-half of the 
tubers were affected in this way. In no case, were any roots developed 
externally and nearly all tubers were in a fairly firm, apically-dominant 
sprout condition. Each affected tuber could be readily identified with- 
out cutting, by the corrugated or veined appearance of the epidermis 
caused by internal pressure of the potato roots beneath, see Fig. 1 ( A) . 
In the author’s opinion, this is the only recorded instance of the occur- 
rence of internal roots in Solanum tuberosum. 

The occurrence of internal sprouts resulting in tubers within tubers 
was noted by Gager (1) in 1911 and by Stewart (3) in 1918. Internal 
tubers have been obseiwed by many others and are known to occur 
occasionally in tubers stored overlong in damp cellars. The specimens 



Fig. 1. Internal roots in Solanum tuberosum, variety Bliss Triumph, Note 
(A) Veining due to root pressure. (B) Internal roots in SoJoiwm tuber- 
osum, variety Bliss Triumph. Roots confined mainly to inner medulla. 
^Paper No. 225, Dept. Vegetable Crops, Cornell University, Ithaca, N. Y. 
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noted by Stewai't were found in a cool, damp, dark cellar while those 
noted by Gager and others observed by myself were stored under cool, 
dry, dimly lighted conditions. In each case, both the internal tubers 
and the inverted sprouts were able easily to emerge from the parent 
tuber by penetrating the epidermis from within. Gager observed that 
“numerous fibrous roots grew out from the branches, and they seemed, 
for the most part, to be confined in their growth to the channels made 
by the stem”. Other investigators (1), have found that not only 
potato roots but roots of Vicia, Pisum, and Lupinus can readily pene- 
trate living or wounded tissue but never the periderm. The occurrence 
of inverted sprouts and internal tubers in Solanum tuberosum has been 
ascribed as possibly due to reversed sprout polarity but no satisfactory 
substantiating proof has been offered. Similarly, no evidence has been 
found to explain either sprout or root penetration on the basis of 
enzyme secretion by the sprout or root tip. It has been concluded that 
both root and sprout penetration must be accounted for on the basis 
of mechanical pressure alone. 

Difficult as it seems to be to explain inverted sprouts, it is equally 
difficult to account for internal roots in potato tubers. Potato root 
development is generally favored by humid, well aerated conditions. 
After prolonged storage under such conditions, whorls of roots com- 
monly form externally at the base of the apical sprout. Pertinent to the 
subject of this paper, the roots originated from and at the base of the 
sprout but in every case, just beneath the periderm as shown in Fig. 
1(B). Storage conditions in this case, were dry, dimly lighted, and of a 
temperature range of 40 to SO degrees F. Typically, these adventitious 
roots were confined in their development, to the inner medulla until 
the root tips reached the base of the tuber. Being unable to pierce the 
epidermis, thereafter they branched and ramified throughout the corti- 
cal layer subcutaneously. The fact that development was mainly within 
the inner medulla or least dense portion of the tuber may lend further 
emphasis to the theory that mechanical pressure alone is the primary 
basis of penetration. 

According to Hayward (2) adventitious roots of the potato "'fre- 
quently occur in groups of three and their point of origin is in the 
pericyclic region of the subterranean portion of the stele in close prox- 
imity to a nodal plate”. This means that such roots originate well 
beneath the sprout cortex. In the dry, dimly lighted storage involved 
in this instance conditions were favorable for the development of thick, 
slightly green sprouts but unfavorable for the development of external 
roots. The writer believes, therefore, that nutrients translocated from 
the apical sprouts stimulated root formation below the level of the tuber 
epidennis. Once these adventitious roots were initiated, they were 
unable to penetrate the periderm and subsequently developed internally. 
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Direct Seeding of Tomatoes vs Southern -Grown Plants^ 

By E. S. Haber, Iowa Agricultural Experiment Station^ 

Ames, la. - 

M ost of the canners in Iowa plant southern-grown tomato plants. 

Because of the low yields occasionally secured with southern- 
grown plants and the successful production of tomatoes by the direct- 
seeding method in certain sections outside of Iowa, considerable inter- 
est has developed in the latter method. Advantages claimed for direct- 
seeding are that it is less expensive ; greater yields are secured ; dis- 
eases are reduced and poor stands are eliminated. The growing season 
in central and northern Iowa is not long enough to permit the canners 
to use late varieties, such as Marglobe and Stone. Soils are heav}^ in 
this area and warm up slowly in the spring. These experiments were 
initiated in 1939 to determine if the direct-seeding method was practi- 
cal in this, the northern limit of the tomato canning belt. 

The same strain of seed of each variety was used for the treatments. 
The Marshall Canning Company furnished the seed of the Harris 
Early Stone variety for the home-grown plants and direct seeding. 
The same strain of seed was sent to Hope, Arkansas, for the produc- 
tion of plants for their commercial acreage. The Indiana Baltimore 
seed was furnished by the Iowa Canning Company and handled the 
same as the Harris Early Stone. 

The seed, after treating with cuprocide, was drilled in rows 5 feet 
apart on April 22, 1939, at inch depth. Because of dry soil the seed 
failed to germinate promptly and on May 10, a second seeding was 
drilled 6 inches from the original drilled rows at a depth of 1 inches. 
Both seedings appeared above ground a week later after a shower. 
When 6 inches high, the plants \vere thinned and spaced 4 feet apart 
in the row. On May IS, the home-grown plants w^ere planted. The 
seed of these plants was sown April 1 in the greenhouse, transplanted 
to flats 2 weeks later and hardened slightly a week before transplant- 
ing to the field. On May 24, the southern-grown plants received from 
the canning companies were planted. The design used was complete 
randomized blocks with 10 replications and 10 plants in each replica- 
tion planted in a single row. All plots were harvested twice each 
week. 


TABLE I— Tons of Tomatoes of U. S, Canning Grade No. 1 Per Acre 

IN 1939 



Direct Seeding 

Home-Grown Plants 

Southern Plants 

Harris Early Stone 

9.6 

12.8 

8.9 

Indiana Baltimore 

9.S 

11.1 

U.3 


**L.S.D. =0.96 ton. 


Home-grown plants of the Harris Early Stone variety produced 
more tomatoes than southern-grown or direct-seeded plants, but there 

^Journal Paper No. J-812 of the Iowa Agricultural Experiment Station. 
Project 316. 
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was not a significant difference between southern-grown and direct- 
seeded plants. Home-grown and southern-grown plants of the Indi- 
ana Baltimore produced about the same yield, but both produced sig- 
nificantly greater yields than the direct-seeded plants. Septoria leaf 
spot was more serious on the Harris Early Stone variety than on the 
Indiana Baltimore, but no differences were noticeable between treat- 
ments within a variety. All plants were practically defoliated by Sep- 
tember 15, 2 wrecks before the first killing frost. 

In 1940, the procedure was changed to determine the effects of seed- 
ing date on the yields. Home-grown plants vrere omitted since very 
little of the canning acreage in Iowa is planted with home-growm 
plants. The procedure was the same as in 1939. The canning com- 
panies furnished the seed and plants to eliminate the possibilities of 
strain variation. The four seeding dates are given in Table II. South- 
ern-grown plants of the Harris Early Stone variety w^ere planted May 
18, and of the Indiana Baltimore variety on May 27. The same ex- 
perimental design was used. Seed was drilled at 1-inch depth. 


TABLE II — ^Tons of Tomatoes of U. S. Canning Grade No. 1 Per Acre 

IN 1940 



Southern Plants 

Seed Sown 


April 15 : 

May 1 

May 15 

June 1 

Harris Early Stone . . 
Indiana Baltimore. . . 

12.8 

10.4 

8.5 

8.2 

6.7 

7.3 

5.4 

4.6 

2.3 

1.1 


**L.S.D.=1.9 ton. 


All direct-seeded tomato plants yielded significantly less tomatoes 
than southern-grown plants in both varieties. The later the seeding 
date, the smaller was the yield. Results in 1940 are not consistent with 
those of 1939. Direct-seeding in 1939 with the Harris Early Stone 
variety equaled southern-grown plants, wdiereas in 1940 none of the 
seedings of this variety irrespective of planting date produced as much 
as the southern-grown plants. Weather conditions were quite different 
in the two seasons. August w^as a dry month in 1939, and very wet 
(over 15 inches of rain) in 1940. This caused rotting of many fruits 
before ripening in 1940. Septoria leaf spot, serious in 1939, was of no 
consequence in 1940, 

From these results it may be concluded that the canners may not 
expect any more consistent yields, year after year, by direct-seeding 
than by the use of southern-grown plants if the latter are well-growm 
and fairly disease-free. 



The Effect of the Topping of Young Tomato Plants 
on Fruit Set and Yield' 

By K. C. Westover, PFest Virginia Agricultural Experiment 
Station, Morgantown, IV. V a. 

T he following experiments were motivated by the results of the 
recent investigations of Porter (1, 2) and Brasher and Westover 
(3) in which they found that the field performance of tender tomato 
plants was superior to that of plants which had been hardened in the 
usual manner. They were designed to determine the effect of the top- 
ping of young tomato plants on maturity, fruit set, and yield and to 
ascertain if this treatment affected different varieties in the same 
manner. They were also intended to give practical information con- 
cerning the feasibility of topping rather than resorting to the usual 
hardening practices as a means of “holding'^ young tender plants dur- 
ing adverse planting conditions until they could be moved to the field. 

The Early Baltimore and Marvelous varieties of tomatoes were used. 
Under conditions which prevail in the medium altitudes of West 
Virginia, the first is considered as moderately early and the other as 
late. All the plants used in these studies were grown in the University 
greenhouse at Morgantown. Those for the 1938 plantings were flat- 
grown, while those for the plantings in 1939 and 1940 were grown in 
3-inch pots. The 1938 and 1939 plantings were located at Reedsville, 
West Virginia, at an altitude of 1,800 feet on a moderately fertile 
Dekalb silt loam soil of good tilth. The 1940 planting, on the Univer- 
sity Horticultural farm at Morgantown, at an altitude of approxi- 
mately 1,100 feet, was on a Tilsit silt loam of good tilth. 

The topping treatment consisted merely of pinching off the main 
stem above the second leaf (node) of a desired number of unifomily 
selected young tomato plants of each variety 10 days to 2 weeks before 
the plants were to be set in the field. A suitable number of untreated 
or normal plants w^ere retained as checks and for border planting. The 
same spacing, row lengths, and planting scheme were used each sea- 
son. Only the number of plants in the treatments and replications dif- 
fered from year to year. 

The plants were spaced every 5 feet in rows 5 feet apart. Individual 
check and topped plants from the Early Baltimore and Marvelous 
varieties, in the order named, occurred in this same sequence over the 
entire planting. The rows w^ere 25 plants in length, and the first and 
the last plants were therefore of the same treatment, which resulted in 
a systematic arrangement of the treatments of both varieties from left 
to right as well as from front to rear. Guard rows bordered the plant- 
ings. Each year soil fertilization and cultural operations were unifonii 
over the entire experimental area. Information of a more detailed 
nature will be given when the studies are considered separately. 

During the harvest period, record was made of both the number and 
the weight of fruits to tenth-pound accuracy of the marketable and the 

Tublished with the approval of the Director, West Virginia Agricultural 
Experiment Station, as Scientific Paper No. 258. 
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total yields from each plant for the early as well as the entire produc- 
ing season. The pickings occurred at frequent intervals, at which times 
all fruits regardless of size were gathered if they were sufficiently 
colored to satisfy market demand. Those large enough to meet the 
requirements for No. 1 grade were considered marketable. After the 
harvest season was over, the plants were stripped of all fruit in order 
to determine the elfect of treatment on total set. 

In the analysis of these individual plant yields, the mean values of 
the measurements for the plants of the two treatments of each variety 
and the differences between these mean values for the corresponding 
measurements, together wdth their respective probable errors, have 
been calculated. Differences between corresponding means three or 
more times their respective probable errors are regarded as significant. 
The data from the two varieties are treated independently. 

As has been stated before, the plants used in the 1938 trials were 
fiat-grown and about 9 inches tall when they were topped on May IS. 
At this time they showed “legginess"’ and were somewhat uneven in 
development. During the following 1 1 days until they were set in the 
field, the topped plants developed axillary growths and the check plants 
became over-long because of the crowding in the flats. By careful selec- 
tion for uniformity of plant size, gauged primarily by the stem diame- 
ter at the base of the plant, 81 plants of each treatment from each of the 
varieties and a sufficient number for the guard rows were available. 
They were planted on May 26 under very favorable weather condi- 
tions. An inspection of the planting 2 days later showed all the plants 
to be erect and apparently to have suffered little from the setting 
operation. The first yield records were taken on August 8. The differ- 
ences between the mean plant yields of the treatments for both varieties 
are shown in Table I. 


TABLE I — Comparisons of Mean Plant Yields in Pounds from Normal 
AND Topped Young Tomato Plants Grown at the Arthurdale 
Experiment Farm in 1938 


Grade 

Determi- 

! 

Treat- 

Early Yieldf 

Season’s Yield 

nation 

ment 

Yield 

Difference 

Yield 

Difference 


Marketable 


Total 


Number 

Weight 

Number 

Weight 


N 

T 

N 

T 

N 


T 


Early Baltimore 


2,78±0.13 
3.50 ±0.19 
1.0r±0.04 
1,39 ±0.07 
3.69 ±0.16 
5.03 ±0.23 
1.28 ±0.05 
1.57 ±0.08 


+0.72 ±0.23* 


+0.32 ±0.08* 
+1.34 ±0.28* 
+0.29 ±0.09* 


15.72 ±0.46 
16.81 ±0.53 
4.23 ±0.15 
4,80 ±0.18 
20.52 ±0.63 
20.77 ±0.66 
5.60 ±0.18 
5.84 ±0.21 


+0.09 ±0.70 
+0.57 ±0.23 
+0.25 ±0.91 
+0,24 ±0,28 


Marvelous 



Number 

N 

3.51 ±0.15 

*-0.01 ±0.23 

14.84 ±0.55 

-2.62 ±0.67* 

Marketable 

Weight 

T 

3,50 ±0.17 


12.22 ±0.39 


N 

1.43 ±0.09 


4.86 ±0.16 

-0.87 ±0,21* 


Number 

T 

1.43 ±0.07 


3.99 ±0.13 


Total 

N 

4.75 ±0.20 

+0.02 ±0.32 

1 

18.12 ±0.58 

-3.52 ±0.75* 

Weight 

T 

4.77 ±0.25 

14.60 ±0.47 


N 

1.61 ±0.07 

+0.06 ±0.09 1 

5.54 ±0.19 

-0.99 ±0.24* 



T 

3. 67 ±0.07 

4.55 ±0.15 


♦Denotes significant difference. 
fAngust 12 to 30 inclusive. 
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The Early Baltimore plants which were topped are here shown to 
have outyielded the check plants definitely in both number and weight 
of marketable and total fruits for the early period between August 12 
to 30 inclusive. The yields for the entire harvest season from the topped 
plants were greater, but the differences were not significant. The total 
fruit set was about the same for the plants of both treatments. In 
respect to the Marvelous plants it is seen that the early yields were 
about the same for both treatments. The yields from the check plants 
for the entire harvest season were decidedly greater, as was also the 
case with the total fruit set (see Table IV). This study shows the 
topping treatment to have been advantageous with the Early Balti- 
more variety but of no benefit to the Marvelous variety. It suggests 
that the response to the topping of young plants may differ with dif- 
ferent varieties and that this treatment might be a means of efficiently 
holding “leggy” plants in an emergency. 

The plants which were used in the 1939 planting were about 10 
inches tall when they were topped on May 9. Although normal and 
desirable in other respects, they were somewhat over-tall from close 
spacing. Fourteen days later when they were set in the field, axillary 
growth development on the topped plants was well started, and the 
check plants had become somewhat “spindly”. The plants were set in 
the field without noticeable check in growth. There wei’e 110 plants 
in each of the treatments. 

The results of the yield comparisons for this planting are given in 
Table II and they strongly indicate that the topped Early Baltimore 
plants yielded less throughout the harvest period and set fewer fruits 
throughout the entire season than did the normal or check plants. 

The topped plants of the Marvelous variety yielded a greater number 
of marketable fruits for the early period between July 25 and August 


TABLE II — Comparisons of Mean Plant Yields in Pounds from 
Normal and Topped Young Tomato Plants Grown at the 
Arthurdale Experiment Farm in 1939 



♦Denotes significant difference, 
tjnly 23 to August 16 inclusive. 
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16 inclusive, but they weighed less and were perhaps smaller. The 
same comparative results hold true for the entire producing season, 
except that the fruit weight apparently increased as the season pro- 
gressed. The yield of unmarketable fruits from the topped plants was 
definitely greater in the early harvest period, but it seems to have 
decreased as the season advanced. Table IV shows that there was 
little difference between the plants of the two treatments in total 
fruit set. 

This study shows the topping treatment to have had substantially 
the opposite effect as in 1938 with respect to varieties. The fact re- 
mains however that the topping treatment did increase early yields 
with the Marvelous variety. 

The 1940 planting consisted of 100 plants of each treatment. On 
May 11. when the topping treatment was given, they were about 9 
inches tall and had begun to show “legginess” because of crowding. 
The spacing between the plants was then increased to about 6 inches, 
and on May 27. 13 days later, wdien they were taken to the field, the 
axillary growths on the topped plants were at least 2 inches long, and 
the check plants were about 3 inches taller and not unduly spindling. 
Field conditions were favorable at the time of planting, and the plants 
later showed no appreciable effects from the change. Table III, in 
which the individual plant yields of the two treatments are compared, 
shows both varieties to have responded in much the same manner as 
in 1939. 

The Early Baltimore plants which were topped are seen to have 
yielded a greater weight of marketable fruits during the early and the 
total harvest periods than did the check plants. The reverse is true 
in regard to the number of fruits. The fruits from the topped plants 
were evidently heavier and possibly larger. The check plants yielded 


TABLE III — Comparison of Me.an Plant Yields in Pounds from 
Normal and Topped Young Tomato Plants Grown on the 
Horticultural Farm at Morgantown in 1940 


Grade 

Determi- 

1 

1 

Treat- j 

Early Yieldt 

Season’s Yield 

nation 

ment 

Yield 1 Difference 

1 

Yield 

Difference 


Marketable 

Total 


Number 

Weight 

Number 

Weight 


N 

T 

N 

T 

N 

T 

X 

T 


Early Ballimwe 


8.94 ±0.28 
8.48 ±0.26 
3.34 ±0.11 
3.41 ±0.11 
11.52 ±0.32 
9.85 ±0.40 
3.72 ±0.12 
3.66 ±0.11 


-0.46 ±0.38 
+0.07 ±0.16 
-1.67 ±0.51* 
-0.06 ±0.16 


35.33 ±0.58 
34.72 ±0.86 
12.86 ±0.36 
13.08 ±0.33 
6l.69±1.10 
56,95 ±0.92 
17.12 ±0.36 
16.22 ±0.25 


-0.61 ±0.86 
+0.22 ±0.49 
-4.74 ±1.43* 
-0.90 ±0.44 


Marvelous 



Number 

N 1 

8.97 ±0.26 

+0.93 ±0.44 

31.95 ±0.54 

-0.53 ±0.75 

Marketable 

W'eight 

T i 

9.90 ±0.36 

31.42 ±0.62 



S I 

3.85 ±0.11 

+0.50 ±0.16* 

12.10 ±0.24 

-0.18 ±0.33 



T ’ 

4.35 ±0.12 


11,92 ±0.23 


Total 

Number 

N 1 

10.11 ±0.30 

-1.70 ±0.42* 

61 .24 ±0.95 

-5.90 ±1.22* 

Weight 

T ’ 

8.41 ±0.30 


45.34 ±0.76 



N 

4.06 ±0.11 

-0.40 ±0.16 

15.64 ±0.24 

-0.68 ±0.34 



T 

.3.66 ±0.12 


14.96 ±0.22 



♦Denotes significant difference, 
tjuly 23 to August 16 inclusive. 
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a significantly greater number of fruits during the entire harvest 
period and had the largest total fruit set. The weight of fruits from the 
check plants was larger, but the difference was of no significance. On 
the other hand, the topped plants of the JMarvelous variety yielded a 
significantly greater number of marketable fruits during the early har- 
vest period between July 23 and August 16, and gave lower yields 
of unmarketable fruit than did the normal plants. Although not signifi- 
cant, the weight of the marketable fruits from the topped plants was 
also greater for this same period. However, the yields of marketable 
fruit for the entire harvest season were about the same for the plants 
of both treatments. The total yields of all grades for the harvest period 
were greatest from the normal plants. These results again suggest that 
the topped plants of both varieties tended to yield a greater weight 
of early marketable fruits and that these fruits were probably larger 
than those from the check plants. How^ever, in each instance the top- 
ping treatment reduced the yields and the total fruit set (see Table IV) 
for the entire season. These results coincide closely with those obtained 
in 1939 and might lead one to expect the later varieties to lend them- 
selves most readily to this treatment. That the early yields of one of 
the varieties was increased again emphasizes the possibility that the 
topping of young plants under certain conditions may be practical. 

In the consideration of the results of these studies taken collectively, 
there seems to be little attendant information to account for the re- 
versal in performance of the plants of the two treatments of a given 
variety from year to year and much less for the reversal in effect on 
the varieties themselves. That the plants were flat-grown one year 
and pot-grown in the succeeding years, and that the plants of a given 
treatment as well as a given variety gave contradictory results, would 
seem to indicate that some varieties, preferably those that are early, 
if grown under crowded conditions, are distinctly benefited by this 
treatment, while others, preferably medium or late varieties, are defi- 
nitely injured. That the opposite is indicated is true if the plants are 
pot-grown. This assumption would seem questionable, since much 
information is available to show that tomato varieties may differ widely 
in both visible and abstract characteristics and yet generally respond 


TABLE IV — Comparison of Season's Mean Fruit Set from Normal 
AND Topped Tomato Plants (1938 to 1940 Inclusive) 


Determi- 

Early Baltimore | 

Marvelous 

nation 


~ ! 




Normal j 

Topped 

Normal 

Topped 



1938 


Number 

39.95 ±0.79 

39.94 ±0.87 

37.22 ±0.94 

30.33 ±0.68 

Difference 

-0.01 ±1.18 

-6.89 ±1.16* 



1939 


Number 

41.89 ±0.69 

39.95 ±0.62 

38.73 ±0.71 

37.96 ±0.60 

Difference 

-1.94 ±0.93 

-0.77 ±0.93 





Number 

11S.88±1.52 

102.46 ±1.77 

99.91 ±1.45 

92.66 ±1.33 

Difference 

1 -16.42 ±2,33* 

-6.25 ±1.97* 


*I>enotes significant difference. 
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to a certain degree in the same manner to a given treatment, which 
markedly alters them physiologically. Numerous investigations are 
reported that have shown the slight effect on maturity, the increase of 
early yields, and the reduction of total yields which result from various 
systems of pruning and topping in the field after the plant is bearing 
fruit. 

The results of these experiments agree in that the treatment tended 
to increase the early yields but reduced the season’s yields and fruit 
set in the majority of cases. The increases in early yields are difficult 
to explain unless the growth-checking effect of the topping treatment 
during the early development of the plants was quickly outgrown, and 
an increase in fruit set resulted which contributed to the increased 
yields during the early season. Although the treatment response with 
respect to variety was not entirely consistent, the fact remains that the 
early yields of at least one of the varieties was increased each year, and 
the yield losses, if any, of the other variety were of little significance. 
The treatment definitely reduced total yields and fruit set. These 
studies indicate that under the existing conditions, the topping of 
young tomato plants as a means of ‘‘holding” them in an emergency 
has practical possibilities. 
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Shortening of Dormancy in Potato Tubers ‘ 

By H. David Michener, Hawaii Agricultm'al Experiment 
Station, Honolulu, T, H, 

E thylene chlorohydrin (CH 2 CICH 2 OH) and various other sub- 
stances promote rapid germination of newly harvested and there- 
fore dormant potato tubers, according to Denny (2) and Denny and 
Miller (3). Tests have been carried out during the past 2 years to 
determine the practicability of using such treatments for seed potatoes 
shipped to Hawaii from the mainland for early fall planting. 

Methods 

Except as otherwise mentioned, these experiments were with small 
whole seed tubers (weighing about 2 ounces) of the variety Bliss 
Triumph. In September of 1938 and of 1939, certified seed were har- 
vested in the Red River Valley, North Dakota and shipped immedi- 
ately to Hawaii. From the progeny of these seed, new seed w^re saved 
for experiments planted in the spring of 1939 and of 1940. The North 
Dakota and the Island-grown seed behaved similarly except as indi- 
cated below. 

Seed tubers were treated by the method of Denny and Miller (3). 
Potatoes to be treated were placed in a closed container with a small 
dish containing liquid ethylene chlorohydrin and a wad of cotton or 
cheese cloth to facilitate its evaporation. As the chlorohydrin evapo- 
rated it was taken up by the potatoes. Either pure or 40 per cent tech- 
nical ethylene chlorohydrin may be used, but the pure chemical was 
used here except as otherwise mentioned. As a large part of the chloro- 
hydrin is taken up by the potatoes, the amount which should be used 
is dependent on the weight of potatoes to be treated and not on the air 
space within the treatment chamber. 

In these experiments the seed tubers were treated in 1-gallon jars, 
5-gallon cans, or 50-gallon drums, depending on the number of pota- 
toes under test. Treatment and storage before planting were at room 
temperature, which was usually between 25 and 28 degrees C. 

Results 

Treatment oj Dormant Seed Potatoes : — In the spring of 1939, 
groups of 16 dormant tubers were treated with 1 cubic centimeter of 
liquid ethylene chlorohydrin per kilogram of tubers and planted in a 
sand bed. In a total of four experiments the time at which treatments 
were applied varied between 7 and 62 days after harvest. The 2- and 
3-day treatments gave more rapid germination and less rotting of seed 
tubers than longer or shorter treatments. The optimum length of treat- 
ment did not change significantly with increasing age of the potatoes. 

In each experiment tubers were stored for periods of 2, 7, and 14 
days between the end of treatment and planting. Both percentage of 
germination and tolerance to longer-than-optimum treatment were 

^Published with the approval of the director as Technical Paper No. 66 of the 
Hawaii Agricultural Experiment Station. 
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TABLE I — Germination of Ethylene Chlorohydrin Treated Potatoes 
Planted in Sand 


Duration of 
Treatment 
(Days) 

Treated 7 Days After Harvest; 
Examined 24 Days After Planting 

Treated 19 Days After Harvest; 
Examined 30 Days After Planting 

Rotted 

Sprouted 

Rotted 

Sprouted 


(Per Cent) 

(Per Cent) 

(Per Cent) 

(Per Cent) 


2 Days Storage Time Between Treatment and Planting 


1 

6 

50 

12 

56 

2 

0 

44 

6 

81 

3 

6 

75 

44 

44 

4 

12 

69 

88 

12 

Control 

4 

0 

6 

0 

J4 Days Storage Time Between Treatment and Planting 


1 1 

0 i 

22 

11 

72 

2 ! 

0 

61 

0 

100 

3 

0 

83 

0 

100 

4 

0 

66 

11 

89 

Control 

4 

0 

6 

0 


greatest in the groups which were stored 14 days after treatment. 
These groups were beginning to germinate when planted. The results 
of these experiments are shown in Table 1. 

In the spring of 1940 dormant tubers were treated in lots of 120 and 
planted in the field in three replications, each containing 40 tubers. 
Germination occurred most rapidly when the chlorohydrin was used 
at the rate of 0.9 cubic centimeters per kilogram of tubers for 2 or 
3 days. One-day treatments with this amount of chlorohydrin and all 
treatments with 0.6 and 0.3 cubic centimeters of chlorohydrin per 
kilogram were much less effective. Other groups of tubers were treated 
for 2 or 3 days with 0.9 cubic centimeters chlorohydrin per kilogram, 
stored for 11 days in the laboratory, and then treated again for 1J4 
days. At the time of the second treatment the buds had already reached 
an average length of about 1 millimeter. One set of treatments was 
with seed harvested 17 days before the first treatment and the other 
with seed harvested 46 days before the first treatment. Planting was 
23 days after the first treatment when sprouts 1 to 3 millimeters long 
were present. The checks showed no growth at that time. After plant- 
ing, the plants which had emerged from the soil were counted at 
intervals. As shown in Table II, the 2- and 3-day single treatments 
were both effective in breaking dormancy, but they did not produce 
as rapid germination alone as when they were followed by a second 
treatment. 

The second treatment injured or killed many of the buds which had 
begun to grow. Nevertheless, other buds grew out and within a few 
days there was more growth than in tubers which had received only 
one treatment. The second treatment caused rotting of some potatoes, 
however, in three of the four groups which were so treated. In the 
fourth group (17-day-oId seed; first treatment 2 days) the buds 
showed relatively little growth — less than 1 millimeter — - at the time 
of the second treatment, and almost no damage after the second treat- 
ment. Yet germination was much more rapid than in similar tubers 
which received only a single treatment. Apparently little or no rotting 
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TABLE II — ^Effect of Ethylene Chlorohydrin on GER^kiiNATiON and 
Growth of Dormant Seed Potatoes 


Duration of First 
Treatment (Days) 


Duration of Second 
Treatment (11 
Days After First) 
(Days) 


! 

Per Cent Emergence From Soil at i 
the Following Intervals After 

Planting* j 


10 

14 

21 

37 

Days 

Days 1 

Days 

Days 1 

1 i 


Average 
Number of 
Stems per 
Seed Tuber 


17 Days Between Harvest and First Treatment 


2 

None 

0 

1 ! 

53 

68 

84 

1.8 

3 

None 

3 

8 1 

63 

85 

92 

1.7 

2 

1/^2 

4 

16 1 

$8 

93 

99 

3.0 

3 

m 

6 

28 1 

78 

80 

86 

3.2 

None 

None 

0 

1 i 

3 

4 

43 

1.4 


46 Days Between Harvest and First Treatment 


2 

None 

12 

32 

97 

99 

99 

2.4 

3 

None 

8 

29 

94 

98 

100 

2.0 

2 


37 

76 

88 

89 

89 

4.5 

3 

None 


31 

67 

85 

85 ; 

85 : 

4.7 

None 

0 

1 

30 

58 

87 

1.4 


*Planted 23 days after beginning of first treatment. 


occurs if the second treatment is made as soon as development of the 
buds first becomes apparent rather than when they have reached a 
length of 1 millimeter or more. 

Counts of the number of stems arising from these plants (made 
when they were approaching maturity) showed that the ethylene 
chlorohydrin also increased the number of stems per seed tuber. This 
increase was greatest for the treatments having the greatest accelerat- 
ing effect on germination. 

As was expected, yields were highest in the treatments which pro- 
duced rapid and regular gennination, and lowest in the untreated 
groups where some seed tubers failed to germinate until others were 
approaching maturity. The yields were very low, however, as the crop 
(though planted in cool vreather) approached maturity when the 
weather was too warm for good potato production. 

In the spring of 1940, four other experiments were carried out, in 
all of which a 3-day treatment with 0.9 cubic centimeters chlorohydrin 
per kilogram of tubers gave good results. 

N on-dormant Seed Potatoes : — In the fall of 1939, the seed potatoes 
from the mainland had nearly passed through their dormant period 
when they reached Hawaii. At the time the treatments were applied 
they showed slight growth but the buds were less than 1 millimeter 
long. Lots of 200 seed tubers were treated with 0,8 cubic centimeters 
chlorohydrin per kilogram for periods of 1 to 4 days. They were then 
stored for 13 days and planted 1 foot apart in four replications of 
50 tubers each. The treated potatoes genninated only about 5 days 
sooner than the untreated but non-dormant checks. The treated plants 
also matured and died slightly earlier than the checks. The crop was 
harvested 87 days after planting. The yields were reduced by early 
blight which attacked first the treated (and therefore older) groups 
and later the untreated (younger) groups. Treatments with 0.2 
cubic centimeters chlorohydrin per kilogram were tried but were less 
effective. 
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TABLE HI — Effect of Ethylene Chlorohydrin on Growth and 
Yield of Non-dorm ant Seed Potatoes 


Duration 

of 

Treat- 

ment 

(Days) 

Per' Cent 
Emergence 
28 Days 
After 
Planting 

Total 
Yield Per 
100 Seed 
Planted 
(Pounds) t 

Yield Per 
Plant (Total 
Yield 

Divided by 
Number of 
Seeds Wbich 
Grew) 
(Pounds)t 

Average 
Number of 
Stems Per 

milt 

Average 

Weight 

Per Hill 
(Pounds) t 

Average 
Number of 
Tubers 

Per Hint 

Control 

95 

39.7 

1 0.42 1 1.6 1 0.47 i 

Per Cent Increase Over Control 

4.8 

1 

95 

21 ±9* 

21db9* 

41 ±15** 

25± 9** 1 

19± 9* 

2 

•K 

78 

65 

12db9 

-9d=9 

36db9** 

56 

73 ±16** 
123 ±18** 

35 ±11** 

32 ±12** 

4 

57 

-17d=9 

40 ±9** 

102 ±19** 

43 ±12** 

47 ±12** 


^Significant CP.<.05). 

"•^Highly significant (P.<. 01). 

fThe standard deviations in the third and fourth columns are based on analyses of variance 
for nine treatments, each replicated four times. 

$The last three columns represent one of the four replicates, from which all hills (except 
3-day treatment) were weighed and counted individually. 

The results of this experiment are shown in Table III. As in the 
experiments with donnant seed, the treatment increased the number 
of stems from each seed tuber. The 1-day treatment gave a 21 per cent 
increase in yield. The longer treatments (2, 3, and 4 days) killed part 
of the seed tubers, thereby redudiig the total yield for these groups. 
However, the average yield for each seed tuber that germinated (i.e., 
the total yield divided by the percentage of geniiination) was in- 
creased much more by the 2-, 3-, and 4-day treatments, with a maxi- 
mum increase of 56 per cent for the 3-day treatment. The average 
number of tubers per hill was increased to about the same extent as the 
average yield per hill, showing that tuber size was not affected. 

This was the only experiment in which 2- or 3-day treatments caused 
a reduction of germination below’' that of the controls. In three other 
experiments with non-dormant seed the percentage of germination was 
not reduced by the treatment. This suggests that, with better knowl- 
edge of the optimum conditions for treatment, 3-day treatments may 
give as consistent results wdth non-dormant tubers as they do with 
dormant ones. If so, they may also give more than the 21 per cent 
increase in yield reported here for the 1-day treatment. 

Large Scale Treatments : — Four unopened 100-pound bags o£ pota- 
toes were treated for 3 days in SO-gallon drums, one with pure ethylene 
chlorohydrin and the others with 40 per cent technical grade. The 
drums contained a fan, which was run for several hours after the drums 
were sealed and from time to time during the remainder of the treat- 
ment. In all cases the pan containing the ethylene chlorohydrin was 
dry at the end of the treatment. After treatment the bags were stored 
unopened for 10 to 13 days, after which the potatoes were planted. 

The potatoes were removed from the bags in three portions repre- 
senting top, middle, and bottom of the bag. In two of the bags these 
portions were again subdivided into outside (potatoes near the outside 
of the bag) and center (center portion of the bag). From each portion 
a sample of ISO potatoes w^s planted in three 50-foot rows located at 
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random in the test plot. Two weeks after planting, the average per 
cent emergence for these two bags was : top, outside, 67 ; top, inside, 
64; middle, outside, 70; middle, inside, 74; bottom, outside, 70; bot- 
tom, inside, 72 ; untreated controls, 13. As the difference necessary for 
significance was 10 per cent, it may be seen that all parts of the bags 
were affected in about the same way. The other two bags also gave 
uniform germination. 

Dip Treatment : — In a few experiments the ethylene chlorohydrin 
dip treatment was used (Denny (2), Stuart and Milstead (4) ). When 
potatoes were dipped momentarily into a 6 per cent (by volume) 
ethylene chlorohydrin solution and stored without rinsing for 3 days 
in a sealed jar, germination was as rapid as in similar potatoes which 
received a 3-day gas treatment with 1.0 cubic centimeter of chloro- 
hydrin per kilogram of potatoes. Subsequent experiments showed that 
similar potatoes, when dipped, retained about 12 cubic centimeters of 
solution per kilogram of potatoes. Thus they only received 6 per cent 
of this amount of chlorohydrin, or 0.72 cubic centimeters per kilogram. 
The dip treatment is less convenient to use than the gas treatment 
except for small lots of potatoes. 

Treatment of Other Varieties : — Donnant Island-grown seed of 
varieties Bliss Triumph, British Queen, and two unnamed varieties 
were treated simultaneously for 3 days with 1.0 cubic centimeter 
chlorohydrin per kilogram of potatoes. Twenty-three days after treat- 
ment percentages of germination in the treated groups were, respec- 
tively, 93, 87, 100, and 93 ; in the untreated groups, 13, 73, 0, and 60. 

Effect of Other Substances on Dormancy 

Eth^dene chlorohydrin has proved to be more effective than any 
other substance in producing rapid germination of dormant potato 
tubers. Denny (2) and Stuart and Milstead (4), however, also ob- 
tained good results with sodium thiocyanate. North Dakota grown 
seed potatoes were dipped momentarily in 1 and 2 per cent solutions 
of sodium thiocyanate and kept wet with the solutions for periods 
varying between 1 and 24 hours. They were then stored for 9 to 16 
days before planting. The best results in 1938, (2 per cent solution for 
3 hours) were inferior to those produced by ethylene chlorohydrin. 
When similar treatments were made in 1939, the seed was planted in 


TABLE IV—Treatment of Potato Tubers with Phenyl- acetic Acid 



Average Length 

Per Cent Emergence 

Treatment 

of Longest Eye, 
28 Days After 
Treatment 
(Mm) 

30 Days 
After 

Treatment 

52 Days 
After 
Treatment 

Phenyl-acetic acid vapor — ^3 days*. ............. 

4.37 

5 

88 

Fhenyl-acetic acid dip— 10 gf/1 

4.44 

8 

75 

Phenyl-acetic acid dip— 1 g/1** 

4.04 

0 

73 

Control 

4.39 

15 

75 

Ethylene chlorohydrin gas treatment 0.9 cc/lsg for 
3 days 

8.10 

70 

98 


♦This was the treatmeat used by Zimmenoan and Hitcdicock. 
♦♦Two lower concentrations were also tried without effect. 
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the field and grown to maturity. Neither germination nor subsequent 
growth was advanced by the treatment. 

According to Zimmerman and Hitchcock (6), phenyl-acetic acid is 
effective in breaking the dormancy of potatoes. Several treatments 
were made in the spring of 1940 with this substance, as shown in 
Table IV. For each treatment, 40 tubers were planted in the field 
where records were made of the percentage emerged from the ground 
at various times, and 40 were kept in the laboratory at room tempera- 
ture where the amount of growth was measured 28 days after treat- 
ment. The tubers were treated 66 days after harvest. These data fail 
to show any effect of phenyl-acetic acid upon germination. 

Discussion and Conclusions 

In the experiments described here treatments with 0.8 to 1.0 cubic 
centimeters of ethylene chlorohydrin per kilogram of potatoes for 3 
days hastened germination without causing injury in every experi- 
ment with domiant potatoes. This is in agreement with the work of 
Denny and Miller (3), who have shown that good results are obtained 
when tubers are so treated that juice pressed from them after treatment 
contains between 5 and 15 cubic centimeters 0.1 M chlorohydrin or 
between 0.033 and 0.100 cubic centimeters pure chlorohydrin per 100 
cubic centimeters of press juice. If potatoes are treated at the rate of 
0.1 cubic centimeter per 100 grams (1.0 cubic centimeter per kilogram) 
of tubers, and if 100 grams of tubers give roughly 100 cubic centi- 
meters of press juice, then it is only necessary for one-third of the 
chlorohydrin to be taken up and recovered in the press juice in order 
to give the minimum effective concentration in the press juice, while 
all of it may be taken up before the maximum concentration is ex- 
ceeded. Denny and Miller recovered at least a third of the chloro- 
hydrin in all treatments lasting 2 days or more at a temperature of 
26 degrees C or over. At lower temperatures treatments will probably 
have to be somewhat longer in order to insure uptake of a sufficient 
amount of chlorohydrin. 

Growth is stimulated even when treatment is applied at the time that 
the tuber is beginning to germinate. This is true both for the tubers 
which are passing naturally out of their dormant period and for those 
in which growth has been started by a previous chlorohydrin treat- 
ment. Germinating tubers, however, have in some cases been damaged 
by treatments lasting 3 days and by treatments made when the buds 
had reached a length of 1 millimeter or more. It is therefore recom- 
mended that tubers that are beginning to sprout should be treated 
only for 1 or days and only when the buds are less than 1 milli- 
meter long. 

Ethylene chlorohydrin treatment also increases the number of stems 
per seed tuber, as has also been reported by Werner (5). When non- 
dormant potatoes were treated (fall, 1939), the treated plants and 
controls grew at nearly the same time and had about the same growth 
period.^ The increase in average yield per plant (not counting those 
that failed to germinate) was roughly proportional to the increase in 
the nimiber of stems. This suggests that the increased yield from the 
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treated seed is a result of the increased number of stems per hills. 
This hypothesis is supported by experiments of Claypool and Morris 
( 1 ) who found that two-stem hills give twice as great a yield as one 
stem ; three-stem somewhat greater than two ; and four-stem slightly 
greater than three. Only in the four-stem hills did they find a slight 
decrease in tuber size. In view of this, the ethylene chlorohydrin treat- 
ment, when it increases the average number of stems per hill from 
between one and two to between three and five, may also be expected 
to increase the yield. Nevertheless it must be recognized that the 
effectiveness of increasing the number of stems will vary with such 
factors as planting distance and size of the plants at maturity. 
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Frost Tolerance of Strains of Market Garden Peas^ 

By B. L. Wade, U. S. Department oj Agriculture, Charleston, S, C. 

D uring the last several years breeding investigations have been 
under way with the objective of developing early, market garden 
peas resistant to Fusarium wilt (Fusarium orthoceras Appl. and Wr. 
var. pisi Linford). It has been necessary to move this work to various 
parts of the country and, in so doing, various problems not included 
in the original plans for the work have been encountered. Since 1936 
most of this work has been carried on at Charleston, South Carolina. 
Temperatures at Charleston rise rapidly in the spring so that^the only 
strains performing satisfactorily have been the early ones. It'has also 
been possible in some years to obtain a fall crop as well as the usual 
spring one. Both spring and fall crops are exposed to the hazard of 
frosts so that observations have been made on reactions of the various 
strains to temperatures of 32 degrees F or below. 

Weather, Materials and Methods 

On March 29, 1937 the temperature dropped to 30 degrees F while 
many strains of peas were in bloom. Most strains had their blossoms 
completely destroyed while a few were apparently not injured. Most 
of the uninjured blossoms were colored blossoms but some were white. 
In many cases the uninjured colored blossoms produced viable seeds, 
while the seeds obtained from most of the apparently uninjured white 
flowers either failed to develop properly or if developed were appar- 
ently normal but not viable. At no other time during the investigations 
have frosts occurred at blooming time so that additional information 
for this period in the life history of the pea plants has not been 
accumulated. Meanwhile, due to difficulties in maturing seed of the 
colored lines, they have all been lost or dropped. 

In 1939 temperatures of 24, 21, and 31 degrees F occurred on Feb- 
ruary 23, 24, and 25 respectively. In some cases these frosts resulted 
in outright killing of the seedling plants (seed planted in mid- January), 
while in others the damage was slight or negligible. A planting made in 
September, 1939 was injured by frosts on November 2, 6, 7, 8, 9, 14 
and 15 with temperatures of 30, 31, 28, 30, 19, 23 and 23 degrees 
respectively. These plants w'ere hardened by successive light frosts and 
the 19 degrees temperature produced approximately the same damage 
as the temperatures occurring in February. In both the spring and fall 
crops of 1939 the injury occurred when most of the plants were in the 
third to fiftli leaf stage. Soil moisture in both seasons was optimum 
or near optimum for good growth at the time of the frosts. 

Injury was recorded on the basis of 0 for plants showing no injury; 
1, for mild injury such as necrotic flecks or necrotic edges of leaves; 
2, for medium injury with large necrotic areas; 3, severe injury with 
very large necrotic areas, but plants with sufficient vigor so that growth 
could be resumed promptly; 4, very severe injury with very large 

^Contribution No. 5 from U. S. Regional Vegetable Breeding Laboratory, 
Charleston, S. C. 
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Fig. 1. Increase blocks of N 901, a frost susceptible strain (right), and 
N 902, a frost tolerant strain (left), 2 weeks after a temperature of 21 
degrees F. 


necrotic areas, but plants with reduced vigor so that growth resump- 
tion was delayed ; and 5, dead. Fig. 1 shows an increase block of N 902, 
a frost tolerant strain, in comparison with a block of N 901, a sus- 
ceptible strain. 

In the spring planting, the material had been grouped and planted 
according to amount of seed available, promise of strains for breeding 
material, and so on. Careful and detailed notes were taken on frost 
damage to the advanced breeding material and on certain other strains, 
but detailed notes were not taken on damage to the entire three acres 
of breeding material. In the fall only certain selected strains were 
carried, so detailed notes were taken on all of them. 

Both plantings were in randomized blocks in duplicate. Notes were 
taken about two weeks after the most severe frost in spring and fall. 
At first the notes were made on the basis of each plant rated sepa- 
rately and the rating of the plot determined by averaging the ratings 
of all plants per row. Since there were about 100 plants per row and 
the method time-consuming, it was decided to give the single row plots 
a rating without rating each plant. When this was done the figure 
obtained was very close to the average so the quicker method was used. 
Variance analyses were applied to the data. 

Crosses represented in the material on which very careful notes were 
made were : Giant Stride x Progress, World Record x Progress, Kent 
Alderman x Progress, Sutton Excelsior x Giant Stride, and Little 
Marvel x (Thomas Laxton x Phenomenon) . Segregates tested from 
these crosses were mostly in the fifth to eighth generation following 
the cross. Standard varieties used as checks were Progress, Hundred- 
fold, and World Record. Kent Alderman and Giant Stride ordinarily 
do not set seed under Charleston conditions so they were omitted. 
World Record, an early variety with about the same observed frost 
tolerance as Kent Alderman, was used. No substitute for Giant Stride 
was attempted but it was observed in other places in the test. Phe- 
nomenon, which had previously shown some frost tolerance in Imperial 
Valley, California, was not available. 
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Results 

V ariance analyses applied to the data collected in the spring and fall 
of 1939 indicated that highly significant differences between strains 
tested existed in both seasons as shown by F values in excess of the 
1 per cent level of significance. The difference required for significance 
was 0.73 units on the frost damage scale in the spring for the mean 
of two plots and 0,65 in the fall. In the spring planting four plots of 
each commercial variety were used in each series, so a significant 
difference between commercial varieties in the spring test is 0.13. 
Commercial varieties Progress, Hundredfold, and World Record were 
tolerant to frost in that order (Table I) and the differences were sig- 
nificant in the spring but only betw-een Progress and World Record 
in the fall. Shortly after a damaging frost. Progress and Hundredfold 
appear damaged to the same extent but all observations here indicated 
that Progress recovers much more quickly. World Record is very 
susceptible to frost, shows very large lesions or wilting and appears 
to possess no ability to recover. Since the conditions existing in the 
spring were not entirely comparable to those existing in the fall and 
since the plot arrangements were not satisfactory for a combined vari- 
ance analysis, it was not attempted. Ho%vever, in spite of these differ- 
ences the results obtained approached each other very closely. 

In both spring and fall plantings there existed strains, derived from 
crosses, that w^ere significantly more tolerant than the tested parent 
or parents and also strains that were less tolerant. The detailed average 
results are given in Table 1. 

Table I also contains a column showing the Fusarium wilt reaction 
of some of the strains. Some have been distributed for testing in the 
South and it is believed that a record of wilt resistance may be valuable 
to seedsmen and those attempting to produce these seed commercially. 
Resistance to Fusarium wilt w^as brought in to these crosses by Giant 
Stride, Kent Alderman, and World Record. Hovrever, a different 
strain of AVorld Record was used in these frost resistance tests which 
is wilt susceptible. 

Discussion 

Since the original plantings in the spring of 1939 were for increases, 
observations and comparisons of breeding material, some parental 
varieties were omitted from the test that might otherwise have been 
included. Kent Alderman in a separate series in the field had a frost 
damage rating of nearly 5, while Giant Stride and Little Marvel with 
a rating of 4 each were intermediate between Progress and Hundred- 
fold. Thomas Laxton was observed to react much like Hundredfold. 

Most of the strains tested were in the fifth to eighth generation 
following the cross and appeared homozygous for most character- 
istics- However, some of those with heavy frost damage in the spring 
had a few survivors which appeared quite tolerant. None of those 
with a rating of 4 or more in the spring test produced sufficient seed 
for tests in the fall, while a few with ratings less than 4 failed to 
produce sufficient seed for further tests, for other reasons than frost 
damage. 
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TABLE I — Reaction of Strains of Peas to Frost and to Fusarium 
Wilt (For the Frost Tests They Were Grown in Single Row 
Plots, Randomized Blocks, at Charleston, S. C., Frost 
Damage Rated on Scale of 0 For No Damage 
TO 5 For Dead) 


Parentage: 

Frost 

Damage 

Spring 

1939 

(Mean 

2 Plots) 

Frost 

Damage 

Fall 

1939 

(Mean 

2 Plots) 

Giant Stride XProgress 

2.00t 

2.25 

Giant Stride XProgress 

3.25 

3.25 

Giant Stride XProgress 

3.25 

3.25 

Giant Stride XProgress 

3.00 

3.00 

Giant Stride XSutton Excelsior 

4.25 

— 

Progress 

3.50* 

3.75 

Hundredfold 

4.35* 

4.25 

World Record 

4.91* 

4.75 

Kent Alderman XProgress 

1.75 

1.75 

Giant Stride XProgress 

3.00 

3.00 

Giant Stride XProgress 

3.50 

3.25 

Giant Stride XProgress 

3.75 

3.50 

Giant Stride XProgress 

3.00 

3.25 

Giant Stride XProgress 

2.75 

3.00 

Little Marvel X (Thomas Laxton X Phenomenon) 

3.25 

3.00 

Little Marvel X( Thomas Laxton XPhenomenon) 

2.75 

3.00 

Little Marvel X (Thomas Laxton XPhenomenon) 

3.50 

3.25 

Giant Stride XProgress 

3.00 

2.75 

Giant Stride XSutton Excelsior 

4,65 

— 

Giant Stride XProgress 

3.50 

— 

Giant Stride XProgress 

3.50 

3.25 

Giant Stride XProgress 

2.25 

2.50 

Giant Stride XSutton Excelsior 

4.40 

— 

Giant Stride XSutton Excelsior 

4.65 

— 

Kent Alderman XProgress 

3.00 

3.25 

Kent Alderman XProgress 

4.50 

3.75 

Kent Alderman XProgress 

3.25 

3.25 

Kent Alderman XProgress 

4.00 

4.00 

Kent Alderman XProgress 

3.00 

— : 

Kent Alderman XProgress 

4.55 

— — - 

Kent Alderman XProgress 

4.00 

— 

Kent Alderman XProgress 

4.66 

— - 

Kent Alderman XProgress 

4.50 

— 

Kent Alderman XProgress 

4.25 

— 

Kent Alderman XProgress 

2.25 

— 

Kent Alderman XProgress 

4.00 

— 

Kent Alderman XProgress 

4.50 

— ^ — 

Kent Alderman XProgress 

3.00 


World Record XProgress 

2.00** 

2.50 

Giant Stride XProgress 

2.50** 

2.75 

Giant Stride XProgress 

3.25** 

3.25 

Giant Stride XProgress 

s.oot 

3.00 


Strain No. 


Reaction to 
Fusarium 
Wilt 


N 897 

N 898 

N 899 

N 900 

N 901 

N 883 

N 884 

C 25 

N 902 

N 903 

N 904 

N 906 

N 906 

N 907 

N 909 

N 910 

N 911 

N 912 

N 913 

N 915 

N 916 

N 917 

N918 

N919 

N 922 

N 925 

N 929 

N 930 

N 932 

N 933 

N 934 

N 935 

N 936 

N 942 

N 943 

N 944 

N 946 

N 947 

N 772B .... 
N762A. ... 
N 761-1-2.. 
N 297-2-2B 


Resistant 

Segregating 

Resistant 

Resistant 


Susceptible 

Susceptible 

Susceptible 

Susceptible (?) 

Resistant 

Resistant 

Segregating 

Segregating 

Segregating 

Susceptible 

Resistant 

Resistant 

Segregating 


Resistant 

Resistant 


[Segregating 

Segregating 

Segregating 


Pall of 1939 =0.32 
; 1939 =0.66 

tOccurred in only one seriesf excluded from variance analysis. 

**Occurred in two series but not in same series as rest of group; excluded from variance analysis. 


It is obvious that a field test depending upon natural temperatures 
occurring at various times in the life history of the plants must be 
interpreted with caution and too much dependence should not be 
placed in such results. However, the fact that two such sets of results 
check fairly closely with each other would indicate that tolerance to 
frost damage at a certain stage (or stages) does exist and that care- 
fully controlled conditions for the evaluation of this tolerance would 
be justified. 

Conclusions 

Tests made during the spring and fall of 1939 with natural tempera- 
tures as low as 21 and 19 degrees F respectively indicated that during 
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a certain part of the seedling stage (3 to 5 leaves) certain breeding 
strains of peas and some commercial varieties reacted differentially 
to these temperatures. Many of the differences observed were signifi- 
cant and some of the frost tolerant strains have been released for 
further tests. 

Strains N 902, N 897, N 900, N 903, N 906, N 910, N 912, N 917, 
N 922, N 943, N 772B, N 762A, and N 297-2-2B have appeared 
significantly better than the most tolerant commercial variety used 
(Progress) although certain strains seem to merit especial consider- 
ation; like N 902 with a frost damage rating of 1.75 in both seasons 
and N 897 with an average of 2.13. Numerically these figures do not 
mean much, but N 902 in an increase block in the spring of 1939 
produced a normal yield while N 901 (with a rating of 4.25) was 
almost completely killed out in an adjacent block. Progress, while not 
particularly tolerant, was decidedly less injured than Hundredfold and 
Hundredfold much less than World Record. 



Preliminary Studies on a New Muskmelon Hybrid 

By J. C. Hoffman and H. D. Brown, Ohio Agricidhiral 
Experiment Station^ Columbus^ Ohio 

D uring the summer of 1938, a selfed muskmelon from the variet}^ 
Perfecto had an unusually small cavity, as compared with the 
other fruits of that progeny. The seed from this selfed fruit was plant- 
ed the following year, and a hybrid matured having Milwaukee Mar- 
ket as the male parent. The seed from this cross was planted in the 
greenhouse and IS selfed fruits were obtained. 

The external appearance of all these fruits indicated that they rep- 
resented the same phenotype. There was practically no netting, and 
ribbing was intermediate. The color of the flesh was deep orange, ex- 
tending to a very thin green rim next to the rind. The quality was 
very good. Approximately 70 per cent of the fruits had a small cavity. 
The maturity was the same as for Milwaukee Market. Under Colum- 
bus conditions, the foliage has excellent field resistance to the common 
foliage diseases, in comparison wdth 80 other lines and varieties. 

The F 2 generation was planted in the field breeding plots during the 
summer of 1940. The fruits of this crop resembled those of the Fi 
generation, except that less than 1 per cent of these had large cavi- 
ties, The other fruits, which were classified as having small cavities, 
ranged in cavity size from 78 to 184 milliliters ; with an average of 126 
milliliters. 

Twenty of the small cavity fruits had an average weight of 1,607 
grams, or a volume of 1,632 milliliters. 

The average density of these fruits was 0.985. There were three 
fruits which had a density of 1.023, 1.014 and 1.008. The average 
density of the sliced fruits was 0.998, the greatest density of any one 
slice was 1.029. The flesh appeared to be very firm and of good tex- 
ture. When these densities are compared with those reported by Hoff- 
man (2), the differences are highly significant. 

Currence (1) reports that refractive index is a relatively accurate 
method of estimating quality. Wa^er (3) reports a relationship be- 
tween vitamin C and refractive index. The refractive index of the 
small cavity fruits, as measured by a Zeiss hand refractometer, aver- 
aged 1.3478, as compared with 10 other varieties with an average re- 
fractive index of l.o445. This difference is highly significant. How- 
ever, four of the varieties had an average refractive index significant- 
ly greater than the small cavity melon. 

Regression data of weight on density has a correlation coefficient of 
0.122, whiclx is not significant. The relation between cavity volume 
and density is not significant, with a correlation of -0.445. The corre- 
lation between weight of fruit and cavity volume is 0.434, which is 
not significant. The correlation between weight of fruit and density 
of sliced fruit is -0.434. This also is not significant. 

In contrast to this, Hoffman (2) reports a significant correlation 
between weight and density, cavity factor and density; weight and 
cavity factor, and weight of fruit and density of sliced fruit. The above 
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data on this small cavity muskmelon do not show such trends. This 
may be due to the extreme firm texture and very small cavity. The 
cavity that is present is completely filled with seed and placenta tissue. 

As was found by Hofifman (2), the correlation between refractive 
index and density of sliced fruit was not significant. The correlation 
between these two factors on the small cavity fruits is -D.205. 

Conclusions 

Due to its very small cavity, firm texture, and good quality, this 
new hybrid may be of value in muskmelon breeding programs. It 
lacks netting, but crosses have been made to intensify this factor. 

The foliage is very hardy under Columbus conditions, as compared 
with 80 other lines. 
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Relative Rind Toughness Among Watermelon Varieties 

By Ivan J. Kenny and D. R. Porter,^ University of California, 

Davis, Calif, 

I T IS recognized that there exists a marked difference in rind tough- 
ness among watermelon varieties. Under certain environmental 
conditions, fruits of such varieties as Klondike frequently explode 
while attached to the plant. Cracking tendency likewise varies among 
varieties during picking, hauling, loading, and transporting. General 
observations indicate that when grown under arid climatic conditions, 
Klondike cracking is much less severe than when grown in humid dis- 
tricts. Imperial Valley grow’ers pick Klondike fruits in late afternoon 
or early evening, but w^ait until the following morning to remove from 
the field and load the fruits for shipment. Apparently, high tempera- 
ture tends to strengthen the rind, but if fruits are picked early in the 
morning, very severe breakage occurs. By picking in late afternoon 
and delaying loading until the following morning, Imperial \^alley 
growlers successfully ship Klondike \vatermelons to Denver and 
Canada. 

Is this cracking tendency a function of thin rinds, is it a function of 
cell structure, is it a function of climatic conditions, or is it due to a 
certain combination of these or other factors ? This paper presents data 
on puncture resistance of the rinds of 10 varieties and measurement of 
cell wall thickness of three representative types, previously found to 
vary in cracking tendency. 

A standard fruit pressure tester described by Magness (2) was used 
to measure the relative rind toughness. The plunger point used by 
pomologists to determine fruit maturity in pears w^as too large to 
puncture the rind of Thurmond Grey, hence a plunger point was 
milled 0.199 inches in diameter. This plunger point punctured the 
Thurmond Grey rind at the highest reading on the scale (30 pounds). 
A sliding collar on the pressure tester remained at the correct reading 
on the scale after the plunger point had gone through the rind. Five 
punctures were made approximately equidistant from each other 
around the middle of the mature melon. Three punctures were made 
at a distance of 1 inch from the peduncle and three a similar distance 
from the blossom scar. The pressure tester was held as nearly as 
possil^le perpendicular to a tangent at the point of contact with the 
fruit. No difference was noted between the puncture taken at the soil 
spot and the other four punctures around the middle of the watermelon. 
No appreciable difference was noted within the same variety between 
watermelons punctured several days before or after fruit maturity. 

Table I gives the arithmetic means and standard deviations of tlie 
puncture pressures taken around the middle of mature fruits of 10 
commercial watermelon varieties. Means of the puncture pressures at 
the extreme blossom and stem ends are also included to show the 
relationship of rind thoughness in various parts of the fruit. The data 
derived from tests made around the middle were found to be repre- 

^Formerly Associate Professor of Truck Crops. 
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TABLE I— Resistance of Watermelon Rinds to Puncture 
(Davis, California, 1938) 



JJTo. 

Arithmetic Mean of Pounds Required 
^ to Puncture 


Fniits 

Middle Portion 

Blossom End 

Stem End 

Klondike R7 

10 

9.9=fc0.141 

8.8 

10.0 

Dixie Queen 

20 

10.0 ±0.065 

9,5 

11.2 

Stone Mountain 

20 

12.7 ±0.123 

11.2 

13.5 

Kleckley Sweet 

21 

13.3 ±0.1 12 

12.5 

16.5 

Northern Sweet 

20 

19.3 ±0.225 

17.1 

24.5 

Hawksbury 

20 

22.4±0.14S 

20.5 

26.9 

Leesburg 

10 

22.6 ±0.202 

19.8 

29.6 

Improved Kleckley Sweet Number 6 . 

19 

22.7±0.190 

21.4 

27.0 

Tom Watson 

20 

24.3 ±0.225 

22.3 

17.9 

Thurmond Grey 

20 

28.0 ±0.121 

25.6 

29.6 

Average 

— 

18.5 

16.9 

20.6 


sentative of the greater portion of the fruit and for that reason were 
selected for statistical treatment. 

In Table II the puncture pressures taken at the middle of the fruits 
are analysed statistically to determine the significance of the mean 
puncture readings between varieties. Using the analysis of variance 
method, the F value obtained was 150. The F value for significance 
at the 1 per cent level was 2.54. The variation in puncture readings 
between varieties studied was therefore highly significant and indicates 
that the pressure tester is a satisfactory instrument with which to 
measure rind toughness between watennelon varieties. 

In searching for a morphological reason for rind toughness three 
varieties were selected for comparison : Thurmond Grey with a very 
tough rind, Klondike R7 with a very tender rind and Kondike R16, 
(3) intermediate in rind toughness. Samples of rind extending from 
the epidermis down to, but not including, the heart flesh were taken 
beside the punctured hole at the middle of the fruit which came nearest 
to the arithmetic mean of all the puncture pressures in the variety. For 
this reason the sections studied were probably representative of the 
variety. 

Samples of rind were killed and fixed in Karpechenko’s fluid. The 
butyl alcohol series was used to embed the samples in paraffin. Sections 
were cut 10 microns thick and stained with Safranin and Fastgreen, 

The outstanding difference between varieties was the cell wall thick- 
ness of the parenchyma cells composing the middle mesocarp of water- 
melon rinds. In the varieties having tough rinds the parenchyma cell 
walls just below the schlerenchyma layer (1) are uniformly thicker 
than those in the varieties having more tender rinds. Table III sum- 


TABLE II — ^Analysis op Variance of Puncture Resistance between 
Watermelon Varieties (Data for Middle Portion of Fruits) 
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Fig. 1. Klondike R7 — ^very tender rind. Fig. 2. Thurmond Grey — ^\^ery tough rind. 

marizes the filar micrometer measurements made of cell wall thickness 
in these three varieties. The units given at the various levels are 
divisions on the filar micrometer using a 100 X oil immersion objec- 
tive. One division is equal to 0.000087 millimeter so that these meas- 
urements can be converted to millimeters by using this multiplying 
factor. 

No attempt was made to make a correlation chart of puncture tests 
and cell wall thickness, but the number of slides from different varieties 
examined indicated that these thick walled parenchyma cells of the 
middle mesocarp probably contribute to rind toughness. Table III 
illustrates the close correlation in trend between puncture resistance 
and cell wall thickness in the first 10 millimeters of middle mesocarp 
tissue in three varieties. 

A developmental study was made of the rind at various stages of 
fruit development in Thurmond Grey and Klondike R7, Samples of 

TABLE III — Cell Wall Thickness in Three Watermelon Varieties 


Thickness of Walls at Middle Mesocarp at Respec 
tive Distances From Epidermis* 



Thurmond 

Grey 

Klondike RI6 
KlondineRT. 
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rind at the middle of the fruit were taken at time of anthesis and at 
5-day intervals until fruit maturity. Ten days after anthesis small 
groups of stone cells were in evidence in both varieties just within the 
hypodermal layer. Fifteen days after anthesis the walls of the pa- 
renchyma cells composing the middle mesocarp in Thurmond Grey 
were almost as thick as those in a mature fruit. The puncture readings 
on this young fruit were also very near to the mean at the blossom, 
middle and stem ends of mature fruits. This suggests that the pa- 
renchyma cell walls of the middle mesocarp become thick in tough 
rinded varieties very early in the ontogeny of the developing rind. 

Conclusion 

The fruit pressure tester furnishes a satisfactory method of measur- 
ing rind toughness in watermelon varieties. It is a valuable tool for 
the breeder in selecting individual fruits possessing a tough rind. The 
layer of thick walled parenchyma cells extending from the schlerenchy- 
ma layer down into the middle mesocarp suggests a morphological 
explanation of toughness in watermelon rinds. 
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Performance Trials of New “Baby” Bush Lima Beans 
Grown for Canning — Progress Report 

By C. H. Mahoney, H. A. Hunter, and Albert White, 
University of Maryland, College Park, Md, 

T he purpose of this report is to present preliminary data to show 
the influence of date of planting and rate of seeding on the yield of 
some of the new varieties of lima beans developed for canning. These 
new types have already been described fully by Magruder and Frazier 
(4) and Huelsen (3). 

Results of 1939 Trials 

Five varieties were planted in quadruplicate on June 20th at College 
Park and four seed per foot were dropped by hand to insure a uniform 
stand for each variety. The plants were pulled at harvest, and the seeds 
were threshed from the pods in a pea and lima bean huller. Two plant- 
ings were made at Ridgely sub-station on the Eastern Shore on June 
15 and July 6. The first was planted in quadruplicate and the second 
contained 10 replicates. Only three varieties, were included in the two 
plantings at Ridgely since sufficient seed of Baby Fordhook and Mary- 
land Thick Seeded was not available for the large viner trials. These 
latter plantings were made with a two-row Iron Age seeder calibrated 
to drop the same number of seed per foot for each variety. The plants 
from the Ridgely plantings were put through a regulation pea and 
lima bean viner. The data on yield and stand of plants for the three 
plantings are presented in Table I. 

Yields were adjusted on the basis of stand by the use of covariance 
as described by Mahoney and Baten (5). If there is a strong cor- 
relation between stand and yield for all varieties some efficiency will 
be gained by adjustment. If, however, one variety shows a negative 
and another a positive correlation adjustment will not correct this 
condition. Stand apparently did not influence yield in the College Park 
test as the rank or position of the varieties with respect to yield was 
not altered by adjustment. There was no significant difference in the 
performance of Henderson and Baby Fordhook and both were sig- 
nificantly better than the other three varieties. 


TABLE I — Yield of Shelled Lima Beans per x\cre Before and After 
Adjusted for Stand at Two Locations in Maryland ( 1939 ) 


Variety 

College Park Trial j 
Planted May 21st 

Early Trial — Ridgely 
Planted June 15th 

Late Planting — Ridgely 
Planted July 6 

Ac- 

tual 

Yield 

Yield 

Ad- 

justed 

For 

Stand 

Stand 

of 

Plants 

Per 

Yard 

Actual 

Yield 

Yield 

Ad- 

justed 

For 

Stand 

Stand 

of 

Plants 

Per 

Yard 

Actual 

Yield 

Yield 

Ad- 

justed 

For 

Stand 

Stand 

of 

Plants 

Per 

Yard 

Henderson 

Early Baby Potato 

Regular Baby Potato 

Baby Fordhook 

Maryland Thick Seeded. . 
Dif. required for signifi- 
cance 

1007 

787 

720 

965 

549 

123 

991 

794 

732 

955 

542 

129 

11,4 

8.7 

8.0 

9.4 

10.1 

i 

1660.1 

1234.2 

975.6 

1407.4 

1379.6 

983.7 

9.2 

4.1 

6.4 


1956.8 

1125.5 

770.7 

8.0 

3.6 

6.7 

2.3 

■HHIIfl 






210.9 

1.65 

134.6 

139.0 1 


541 
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At Ridgely, in the early planting, Early Baby Potato had less than 
half the number of plants as shown for Henderson and in this case 
stand was a factor in yield, since adjustment raised the yield so that 
it was no longer signifcantly lower than Henderson, The yield of the 
regular strain of Baby Potato was not influenced by stand, and adjust- 
ment did not change its rank. 

In the late planting at Ridgely, Early Baby Potato again had less 
than one-half the stand of Henderson, but in this case the correlation 
between stand and yield though significant, was too low to be of any 
importance and adjustment did not change the rank of these three 
varieties for yield. Henderson out-yielded both of the new varieties, 
and the Early strain of Baby Potato out-yielded the regular strain. 

TABLE II-— Lima Bean Variety and Time of Planting Test (1940), 
Ridgely, Maryland* 


Planting 

Stand 

(No. 

Shelled 

Beans 

Per Cent Beans in Each 
Sieve Size 

Per 

Harvest 

Number 

Plants 

Per 

Yard) 

Per 

Acre 

(Lbs) 

No. 

1 

No. 

2 

No. 

3 

No. 

4 

Cent 

White 

Date 

Days to 
Harvest 




Baby Potato 





First planting 

7,5 

602 

— 

— 

— 

— 

11 

Sep 9 

94 

Second planting 

5.7 

666 

28 

20 

37 

14 

4 

Oct 3 

115 

Third planting 

6.6 

1311 

27 

15 

S3 

25 

3 

Oct 11 

98 

Average 


826 











Early Baby Potato 





First planting I 

7.2 

744 ! 

— 

— 

— 

— 

21 

Sep 9 

94 

Second planting 

4.8 

1257 I 

16 

18 

46 

19 

7 

Oct 3 

115 

Third planting 

6.3 

1993 j 

25 

16 

36 

24 

6 

Oct 8 

95 

Average 


1331 






i 






Henderson 





First planting 

11.7 

532 

— 

— 





18 

Aug 21 

75 

Second planting 

6.6 

1573 

13 

21 

47 

19 

24 

Sep 27 

109 

Third planting 

6.9 

2303 

13 

15 

49 

23 

27 

Oct 3 

95 

Average 


1469 











Gree?i Menderson 





First planting 

8.4 

1 666 

1 - 

1 - 

1 - 

1 - 

! 15 

1 Aug 29 1 

1 83 




Early Henderson 





First planting 

5.4 

339 

— 

— 





22 

Aug 21 

75 

Second planting 

4.8 

1601 

11 

21 

46 

22 

32 

Sep 27 

109 

Third planting 

5.4 

1959 

11 

16 

46 

27 

21 

Sep 27 

84 

Average 


1300 











Maryland Thitk Seeded 




First planting 

9.6 

260 

— 







22 

Sep 2 

87 

Second planting 

5.1 

1289 

46 

39 

16 

0 

13 

Oct 3 

115 

Third planting 

7.2 

1358 

50 

34 

16 

0 

4 

Oct 4 

91 

Average 


969 











Baby Fordkook 





First planting 

6.0 

847 

— 





■ 

16 

Sep 9 

94 

Second planting 

5.4 

1140 

26 

24 

40 

9 

10 

Oct 3 

116 

Third planting 

6.6 

1355 

21 

16 

49 

14 

4 

Oct 4 

91 

Average 


1114 









*Piots planted in quadruplicate. 

D^tes of planting: FirstT-June 7; Second— Jtme 20; and Tlurd— Tiily 5. 

Second plant- 
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Results of 1940 Trials 

The season of 1940 was not at all typical of the average season in 
Maryland. May and June were exceptionally cool with heavy rains, 
and poor stands were obtained in the early plantings. Four dates of 
plantings were used in 1940. The first planting, made on May 2Sth, 
was so poor due to uneven stands and growth that it was plowed under. 
The next plantings were made June 7th, June 20th, and July 5th. The 
June 7th planting henceforth will be called the first planting for 1940. 
All variety plantings were made with a new single row Iron Age 
seeder which had been calibrated to deliver the same number of seed 
per foot for each variety, irrespective of seed size. The germination 
was lower on one variety and this was likewise taken into account in 
the calibration. The stand of plants, yield of shelled beans per acre, 
sieve sizes, and number of days to maturity for the different dates of 
planting are given in Table 11. 

It is evident that the earliest planting in 1940 produced the lowest 
yields. Plants came into bloom during the extremely hot, dry period 
in mid- July. Baby Fordhook and Early Baby Potato out-yielded Hen- 
derson in this planting. Maryland Thick Seeded and Early Henderson 
were significantly lower in yield than Henderson. 

Unfortunately, a heavy local hail storm caused a great deal of dam- 
age to the second planting but fields adjoining, planted at the same 
time, which had not been touched by the hail produced yields averaging 
almost a ton per acre of shelled beans. The hail occurred early in July 
and did not occur during blooming. Henderson significantly out- 
yielded all other varieties in this planting with the exception of Early 
Henderson. Early Baby Potato, Maryland Thick Seeded, and Baby 
Fordhook produced yields that were approximately equal. 

Henderson again out-yielded all of the newer varieties in the third 


TABLE III — ^Lima Bean Rate of Seeding Test (1940), Ridgely, Maryland* 
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planting. Early Baby Potato, however, was just barely lower than 
Henderson in this planting. Baby Potato, Maryland Thick Seeded, 
and Baby Fordhook produced yields which were approximately equal. 

Three rates of seeding were used on three varieties at the second 
planting date, and by use of different seed plates in the Cole seed hopper 
and different cogs, it was possible to calibrate the drill to drop 3, 4.5 
and 6 seed per foot after correcting for germination. The data on stand 
of plants, yields, mean number of seed per pound, and the per cent of 
a perfect stand for this trial are given in Table III. 

It is clearly evident that there was no relationship between the rates 
of seeding and yield of Henderson. There was a strong negative cor- 
relation between rate of seeding or stand of plants and yield of Early 
Baby Potato. The yield of shelled beans at the regular rate (stand of 
4.8 plants per yard" ) was significantly higher than the heavy or extra 
hea\w rates of seeding. The difference in yield between the latter two 
rates was not significant. 

There was a positive correlation between stand and yield for the 
small variety Maryland Thick Seeded, The yield at the regular rate of 
seeding w’as significantly lower than for the two other rates of seeding. 
The difference in yield between the heavy and extra heavy rates of 
seeding was not significant. 

The “F” value for the interaction between varieties and rates of seed- 
ing far exceeded the 1 per cent point of significance. The “F’’ value 
for rates of seeding was not significant since the negative and positive 
correlation for two varieties tended to neutralize each other. Plans for 
1941 will include rates of seeding for each variety at several additional 
planting dates to further study this relationship. 

Discussion and Conclusions 

The data presented in this paper are preliminary but show that time 
of planting, rate of seeding, and possibly the interaction betw^een time 
and rate might influence the yields of the newer varieties of lima beans 
when compared with Henderson. Likewise, yield trials which do not 
take these factors into consideration may not be a valid comparison 
of the yielding ability of lima bean varieties. 

Henderson apparently is not influenced greatly by stand of plants ; at 
least, for stands betw’ een 5.5 to 1 1.5 plants per yard. Early Baby Potato 
appears to require fewer plants per yard, at least for late June plant- 
ings, as the low^est rate of seeding (38.9 pounds per acre) with a stand 
of approximately 5.0 plants per 3^ard, gave the highest yield. Maryland 
Thick Seeded, a small growing variety, produced its highest yields at 
the heavy rate of seeding (37.5 pounds per acre) with a stand of 9.0 
plants per yard. 

Lima beans for canning in Maryland, with a few exceptions, are 
planted as a succession crop following peas. On the Eastern Shore the 
harvest dates for Alaska peas varies from May 25th to June 10th, and 
allowing a short time for land preparation, limas are then planted from 
the middle of June to almost the middle of July. The data presented 
indicate that the later the plantings after June 7th the heavier the 
yield. This was pointed out by Cordner (2) who used 10 dates of 
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planting of Henderson from May 10th to July 12th. He found that the 
May plantings out-yielded the June plantings in every case and he 
suggested that if plantings could not be made in May they should be 
deferred until July 1st or later. He found that moisture was highly 
correlated with plant growth and with yield and that the size of plant 
obtained during the pre-blossom period largely determined the size of 
the crop. Andrews ( 1 ) has pointed out the significance of the root-top 
ratio and its relationship to moisture uptake and transpiration. If soil 
moisture is one of the most important factors determining yield, and 
if medium temperatures and high humidity are contributing factors, the 
selection of the planting date will be governed by a knowledge of 
average weather conditions. The data presented in this paper also 
indicate that the later plantings are more favorable for the newer 
varieties of lima beans, but the possibility of early frosts and field 
observations suggest that Baby Potato and Baby Fordhook should not 
be planted much later than June 20th. The data presented this year 
offer some very definite leads but further trials under different weather 
conditions and on soils of different fertility levels are contemplated and 
should help clarify this question of time of planting and rate of seeding. 
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The Effect of Plant Spacing on Yield, Ear Size, and 
Other Characters in Sweet Corn^ 

By R. M. Bailey, Maine Agricidtural Experiment Station, 
Orono, Me. 

I N THE spring of 1937 a study of plant spacing with sweet corn was 
undertaken in order to ascertain the optimum planting rate for im- 
portant varieties used for canning in Maine. Although this problem has 
been extensively studied in the Corn Belt states for field corn varie- 
ties, and more recently for sweet corn, very little work has been re- 
ported in New England where the growing conditions and the varieties 
used are quite different from those existing in the Midwest. A sum- 
mary of three years’ study of this problem is presented in this paper. 

Morrow and Hunt (2) in 1888 concluded that yields from field corn 
were practically the same from drill row and hill planting as long as 
the number of plants per acre was kept constant. In 1891 Morrow 
(2) reported that thick planting rates reduced the average ear weight 
and increased the number of barren plants in field corn. Huelsen ( 1 ) 
has reported similar findings from recent planting rate studies with 
sweet corn in Illinois. Watson and Davis (4) reported that close spac- 
ing gave highest yields but smaller ears in trials conducted in Puerto 
Rico. 

The experimental plots were located in Monmouth, Maine, which is 
in the commercial sweet corn canning area. A different farm was 
employed for the work each year and Hie yield levels for each of the 
three years, 1937, 1938 and 1939, were decidedly different, thus indi- 
cating a different environment each year due to one or more factors 
concerned with soil, fertility, moisture, and climate. Although there 
might have been certain advantages in confining the experiment to one 
soil type in order to study more critically the spacing effect under a 
given fertility level, the wide range in average yields of the three 
experimental plots has perhaps demonstrated more vividly the inter- 
relation of growing conditions and spacing on plant performance. 

The varieties used in the study comprise two top crosses which are 
extensively used in the canning industry and were chosen to represent 
the two fairly distinct types used in the Maine area at the present 
time. Portcross 100 is a top cross produced by crossing a locally 
developed strain of Golden Bantam with inbred LlOO developed at 
the Maine Agricultural Experiment Station. This is representative 
of several hybrids and varieties that are planted to mature the crop 
during the early part of the canning season. This group is char- 
acterized by plants of medium vigor, a tendency to tiller freely and a 
maturity season that averages approximately a week ahead of the 
second type. Top Cross Maine Bantam is typical of the late season 
group of hybrids. The hybrids of this group practically all -comprise 
crosses involving Purdue 1339 as one parent. These are more vege- 

The writer wishes to express appreciation to Mr. D. M. Bailey and to Mr. 
W. B. Ennis for their excellent assistance and to the Maine Canners’ Association 
for valuable aid in providing facilities in connection with this study. 
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tative than the early group, do not tiller as freely, mature later and 
generally produce heavier yields. As a basis for comparative vegetative 
vigor Portcross 100 (P X 100) averaged 67 inches in plant height in 
the 1940 trials and Top Cross IMaine Bantam (TCMB) plants aver- 
aged 78 inches. 

Outline of Methods 

Seed was drilled at the rate of 10 to 12 quarts per acre at planting 
to insure an excess of plants. Soon after emergence the plots were laid 
out and thinned to the desired average distance between single plants 
in the row. At thinning, random plants were removed in order to avoid 
any bias in the experiment due to removal of inferior plants. Spacing 
distances of 4, 6, 8, 10, 12 and 14 inches between single plants in the 
row were employed for Portcross 100 for each of the three years, 1937, 

1938 and 1939. Six-, 8-, 10-, 12-, 14-, and 16-inch spacings were 
chosen for the larger stalked, later maturing Top Cross Maine Bantam 
in 1937 and 1938^. In 1939 an additional treatment was included, a 
4-inch spacing for Top Cross Maine Bantam. Rows were planted 3 
feet apart each year. To reduce border effect between spacing treat- 
ments the plots -were arranged systematically end to end in blocks. 
Between each block a 3-foot border with gradient thinning was em- 
ployed to avoid the competition of close spacing adjacent to wide 
spacing. 

There were five plots of each treatment for each variety in 1937 and 
1938, thus making a total of 60 plots for each of these years. In 1939 
there were nine plots for each spacing distance with Portcross 100 and 
seven with Top Cross Maine Bantam, making a total of 103 plots. 

The plot sizes employed were as follows: in 1937 15 rows wide and 
14j4 feet long; in 1938 12 rows wide and 19 feet in length, and in 

1939 seven 20-foot rows. Border rows were provided which were 
thinned according to spacing in adjacent plots in order to minimize 
border effect. These were not harvested as part of the experiment. 

At harvest, individual plot yields of corn in the husk were recorded. 
A 50-pound sample from each was used to obtain the data pertaining 
to ‘'cut off per cent”, grade, and ear weight in the husk. Ear length 
measurements were made on 10 to 25 husked ears taken at random 
from, the 50-pound sample. The number of ears produced per plant was 
computed by dividing the calculated yield of ears per plot by the 
number of plants left after thinning. 

Discussion of Results 

Spadng in Relation to Yield in the Husk : — ^The relationship of 
spacing to yield reported in this paper was confined to drill row plant- 
ing. Huelsen (1) has reported somewhat greater yields from drilling 
than from planting in hills, but it is doubtful if much difference could 
be demonstrated in Maine because of the tendency to practice closer 
planting under both systems than is typical of Midwest conditions. 
A study of Fig. 1 suggests the following major conclusions: 

(a) Soil or climatic conditions, or both, were vastly more important 
in influencing the yield per acre than were the spacings used in this 
experiment. 
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Note : P X loo = Portcross roo, TCMB = Top Cross Maine Bantam. 

(b) The optimum spacing distance in the drill row for both varie- 
ties varied, depending upon the yield level prevailing for each year. 
In general, the better the growing conditions the smaller the amount 
of feeding area that was required for the plant to develop its crop 
efficiently. The yield per acre is dependent upon both the efficiency of 
the individual plants and the number of plants feeding on the area, 
hence a too great reduction in either reduces yield. 

(c) The later maturing, more vegetative Top Cross Maine Bantam 
required somewhat greater feeding area for the most practical plant 
development than did Portcross 100. 

(d) The decrease in yield with widest spacing distances was sur- 
prisingly low in view of the numerical reduction in the total plants 
per acre. 

Effect of Spaeing on Per Cent of Usable Ears: — A. large part of the 
Maine sweet corn crop is purchased on the basis of per cent of usable 
ears. This term is used to express the per cent of the 50-pound 
unhusked sample that is represented by the weight of the sample after 
husking and the removal of culls. An examination of the data presented 
in Table I shows that with the close spacing of 4 inches, the per cent 
of usable ears was considerably lower than with the intermediate 
spacings. This was probably due to the inclusion of many nubbin ears 
at harvest. It is also interesting to note that there was also a general 
tendency for the per cent of usable ears from the extreme wide spac- 
ings to be lower. The reason for this certainly is not due to severe plant 
competition, but is likely because of many small second and possibly 
to tertiary ears produced by the plants. This assumption is borne out 


TABLE I — Per Cent of Usable Ears with Different Spacings 



Portcross 100 

Top Cross Maine Bantam 

Spacing 

1938 

(Per Cent) 

1939 

(Per Cent) 

1938 

(Per Cent) 

1939 

(Per Cent) 

4 

66.4 

67.1 



68.7 

6 1 

69.0 

70,4 

70.0 

72.0 

8 " 

10 

69.0 

69.4 

69.9 

70.7 

71.4 

69,2 

71.0 

69.0 

12 

68.4 1 

68.4 

68.2 

68.0 

14 

67.8 1 

68.4 

66.4 

68.7 

16 

— 

— 

64.8 

69.7 
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Fig. 2. Effect of spacing on dollars return per acre. 

Note : P X 100 = Portcross 100, TCMB = Top Cross Maine Bantam. 


by the data taken on the number of ears per plant, ear length, and the 
number of ears required to make a 50-pound sample, see Figs. 3, 4, 
and S. Any trend in the intermediate spacing is not clearly evident. 
Possibly further critical analysis of the data by statistical treatment 
will clarify this point. 

The Effect of Spacing on Cash Returns Per Acre : — In Fig. 2 is 
plotted the dollars return per acre in relation to spacing. Because the 
value of the raw product per acre at a given price is dependent upon 
both yield and the per cent usable, the value to the farmer was not 
directly proportional to the yield in the husk. A different base price 
was paid by the canning companies during each of the three years and 
because of this the value per acre was not directly proportional to the 
differing yield levels prevailing each year. 

The Effect of Spacing on Maturity : — The data which have been 
taken to clarify this point have not been entirely satisfactory. Milk 
test records have been too variable to show definite trends. Data of 
silking records from the various plots clearly show that on a given 
date the per cent of plants in silk was progressively greater with wider 
spacing. These data cannot be considered a reliable index of relative 
maturity since a study of Fig. 3, shows that with close distance many 
of the plants were barren at harvest time. Thus, perhaps many of the 



Fig. 3. The effect of spacing on the average number of ears produced per plant. 
Note : P X 100 = Portcross 100, TCMB = Top Cross Maine Bantam. 
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plants which had not silked on the date of observation never did, or 
emergence was only after competition and growing conditions pre- 
cluded all chances for ear development. General observations and study 
of the silking and milk test data appear to justify the statement that 
very close spacing delays maturity one or two days under average 
conditions. 

Effect of Spacing on Number of Tillers: — ^The results of studies by 
Huelsen ( 1 ) indicate that as the spacing distance is increased the 
number of tillers per plant also increases. This is in agreement with 
data collected in Maine in 1938 with three varieties which were in 
trial that year. In Table II is listed on a percentage basis the number 
of stalks (4 feet tall or above) present at harvest time compared to 
the count at thinning. In Table II it will be observed that in cases of 
the close spacings the percentage figure is less than 100. This was due 
to loss of plants from various causes after thinning. Had there been 
no plant mortality or tiller development in the closest spacing the per- 
centage figure would have been 100. It seems reasonable to assume 
that the mortality loss in per cent would have been nearly the same 
for all treatments. Thus, the increase in per cent of plants at harvest 
above that of the closest spacing can be attributed to increased tiller 
development as plant distances were increased. The marked increase 
in the percentage figure for the 8-inch spacing is difficult to explain 
but may have been due to the location of these plots. 

Spacing Distance in Relation to Barren Plants and Number of Ears 
per Plant: — study of Fig, 3, shows the marked increase in the aver- 
age number of ears produced per plant as spacing was increased. T?he 
values were obtained by dividing the calculated number of ears har- 
vested per plot by the number of plants left at thinning. It is obvious 
that there were many barren plants with close spacing, since the num- 
ber of ears produced averaged less than one. The question may arise 
as to whether the increase in the average number of ears per plant 
above one was due to additional ears produced on the main stalk or 
to yield from tiller plants. In 1939 the percentage of two eared plants 
(based on count at thinning) was determined by field count in the 
Top Cross Maine Bantam plots and these are shown in Table III. 


TABLE 11 — The Effect of Spacing on Increasing the Stalk Count 
AT Harvest (1938 Data and Listed as Per Cent of 
Plants Left at Thinning) 


i 


Variety and Per Cent 


Spacing (Inches) 

Portcross 100 

Top Cross Maine 
Bantam 

Golden Bantam 

4 

89 





6 

90 

76 

89 


119 

93 

112 

10 

no 

88 

107 

12 

113 

90 



126 

100 

no 


— 

104 

121 

Minimum difference necessary for 
significance, 5 ijer cent.* 

12.3 

10.2 

15.0 


♦(Fisher’s Analysis of Variance) 
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TABLE III — Spacing and Per Cent of Plants Producing Two Ears 
AND Average Number of Ears per Plant in Top Cross 
Maine Bantam ( 1939 ) 


spacing (Inches) 

1 j 

Per Cent Stalks i 
i With Two Ears 

[ 

Average Number 
of Ears Per Plant 
(See Fig. 3) 

4 

0.0 


6 

0.4 

0.8 

8 

2.6 

0.9 

l.l 

10 

7.3 

12 

16.8 

1.3 

1.5 

14 

27.8 


! 31.6 

1.6 


A stud}" of Table III reveals that at least in this variety the increase 
above the average of one ear per plant was in a large measure due to 
second ears on the main stalk. It would seem that the above data can 
be explained as follows: One hundred plants in the 4-inch spacing 
plots were found to yield 50 ears. There were no two eared plants, 
hence one-half the plants were barren. It is clear that even with the 
8-inch spacing the increase due to 2.6 per cent of the plants producing 
two ears was not quite sufficient to balance the barren plants because 
there was produced on the average 0.9 ear per plant. At 10 inches 
100 plants bore approximately 110 ears. If it can be assumed that at 
this distance nearly every plant produced at least one ear, then 107 
ears would be the expected yield with 7 per cent of the plants bearing 
two ears. For the 12-, 14- and 16-inch spacings the theoretical yield 
of 100 plants would be approximately 117, 128, and 132 ears, respec- 
tively. Actually the yields were found to be 130, 150 and 160 based 
on the data taken from Fig. 3. Thus, it would appear that about one- 
half the increase above one ear per plant could be attributed to two 
eared stalks ; the other half to tiller plants. 

The Effect of Spa-cing 07i Ear Length and Weight: — Fig. 4, needs 
a little discussion. The average lengths of the ears measured each year 
varied considerably, perhaps due to the technique followed. In 1937 
10 random ears from each plot were hand husked and measured. In 
1938 and 1939 the samples were increased to between 15 and 25 ran- 
dom ears from each plot and these were measured after passing 
through a machine husker. The butting mechanism removed some of 
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Fig. 5. The relation of spacing to the number of ears required to make a 
50-pound sample. 

Note: P X 100 = Portcross 100, TCMB = Top Cross Maine Bantam. 


the basal kernels and the adjustment may not have been the same both 
years, These factors, however, were not considered to seriously inter- 
fere in the study of ear length increases in relation to different spacings. 
It should be noted that a marked increase in ear length occurs when 
plant distance is increased even to at least the 12-inch spacing. The 
trend of the curves in Figs. 4 and 5 at the very widest spacings sug- 
gest that in some cases there may be a reduction in average length and 
weight, probably due to the increased numbers of smaller secondary 
ears. It will be recalled that the lower percentages of usable ears with 
the widest spacings also support this belief. 

Fig. 5 shows the relation of spacing to the number of unhusked ears 
required to make a 50-pound sample. As would be expected these 
curves are more or less the inverse of those shown in Fig. 4, but the 
plottings follow smoother curves because of the large number of ears 
counted from each plot. It is interesting to note the direct relationship 
between the yield levels of each year and ear size, — the greater the 
general yield the greater was the average ear weight. 

Summary of Results 

A summary of the findings in this planting rate study indicates that : 

1. The earlier maturing, less vegetative Portcross 100 required less 
feeding area for optimum development than did Top Cross Maine 
Bantam. 

2. There is some tendency, within certain limits, for the higher per 
cent of usable ears to offset the loss in yield in the husk with increased 
plant spacing. Both the per cent of usable ears and the yield in the 
husk were lower from extreme wide spacings of 14 and 16 inches, 

3. Soil or climatic conditions or their interaction had more influence 
on the yield than did the spacings used in this experiment. Six inches 
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to 1 foot between plants planted in drill row, depending somewhat on 
the variety used, appears to be the most practical range to recommend 
for most Maine conditions. 

4. Close spacing delayed maturity 1 or 2 days. 

5. As the plant feeding area was increased there was a marked 
tendency for the plant to produce more ears, heavier and longer ears, 
and more tillers. Close spacing caused many barren plants. Extreme 
spacing permitted the development of smaller secondary ears, which 
reduced the average ear weight, length and the per cent of usable ears. 
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The Effect of Methods of Growing and Transplanting 
the Plants on the Yield of Peppers^ 

By W. H. Lack MAN, Eleanor A. West, and Grant B. Snyder, 
Massaclmsetts State C allege j Amherst, Mass, 

T he pepper is not a frost hardy plant and it requires a relatively 
long growing season to produce a profitable yield. In order to 
lengthen the growing season in the North, the seed is usually sown in 
greenhouses or other forcing structures during late winter or very early 
spring. It is also desirable to grow large, thrifty plants to^ transplant 
in the field because early peppers command the highest prices. There 
are several methods and many variations of each method for growing 
early plants to be transplanted and it is the purpose of this paper to 
report three years’ results of growing and transplanting pepper plants 
in various ways. 

Seeds were sown thinly in flats during the second week in March 
and the seedlings pricked out about 3 weeks later and planted or 
treated in the various ways outlined below. All plants which were 
grown in flats after being pricked out were spaced 3 by 3 inches. The 
dimensions of the flats were 20 by 12 by 3 inches. The variety, Wal- 
tham Beauty, was used throughout the tests and the soil was a Merri- 
mac fine sandy loam with a pH of 6.0 and in a high state of fertility. 
A 5-8-7 fertilizer was applied broadcast to the soil at the rate of 1,500 
pounds to the acre. The plants in each test were planted 18 inches apart 
in rows 3 feet apart. Frequent shallow cultivation was given to the 
plantings each season. The fruits were harvested when it was felt that 
they had reached their full size but before they had taken on any red 
color. 

Five treatments were used in the preliminary tests conducted during 
1938, and are described as follows: 1, Plants grown in four-inch clay 
pots ; 2, plants grown in flats witli an application of 8 grams of dex- 
trose per flat; 3, plants grown in flats with 18 grams of 16 per cent 
superphosphate plus the basic application of dextrose ; 4, plants with 
the dextrose and superphosphate treatment plus artificial light. This 
consisted of light from a 2()6-watt Mazda bulb with a reflector sus- 
pended 36 inches from the plants. The light supplemented daylight 
from 4 p.m. until 11 p.m. ; and 5, plants given the basic application of 
superphosphate and blocked out 10 days previous to setting in the field. 
This particular lot of plants also received 1 pint of transplanting solu- 
tion per plant as suggested by Hester (3, 4). The plants were set in 
the field on June 1 and each treatment replicated five times in the 
form of a Latin square. Each replication consisted of 15 plants. 

In 1939 the following eight treatments were used : 1, Plants grown 
in 3-inch clay pots ; 2, plants grown in flats and blocked 10 days pre- 
vious to field planting ; 3, plants grown in flats without additional treat- 
ment ; 4, plants grown in fiats with pint of transplanting solution 
applied at the time of setting in the field as suggested by Sayre (10) ; 
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5, plants grown in 3-inch clay pots with Sayre’s transplanting solution 
added ; 6, plants grown in 3-inch paper pots ; 7, plants grown in 3-inch 
paper l:)ancls ; and 8, plants grown in a poor soil on a sash house bench. 
The plants were set in the field on June 2 and the treatments replicated 
eight times in the form of a Latin square. Each replication consisted 
of 10 plants. 

The treatments in 1940 were similar to those in 1939 except that 
the lot of plants grown in poor soil (treatment 8) was replaced by 
plants grown in 3-inch paper pots and \vatered with pint of Sayre’s 
transplanting solution at planting time. The plants were set in the field 
on June 7 and the treatments replicated eight times in a Latin square. 

The data were subjected to Fisher's anatysis of variance (9) and a 
difference was considered significant when the odds were 21 to 1 that 
it was not due to chance. Table I contains a sunimar}^ of the 1938 
experiments together with the averages of the plot yields and the differ- 
ence between yields which is necessary for significance. 


TABLE I— Response to Treatments in 1938 


Treatments 

Early Yield 
(Ozs) 

Total Yield 
(Oss) 


101.4 

^ 176.0 

113.4 

Deyt-roRfi 

31.4 

pita!* PaO, 

39.2 

130.4 

plus PaO, plus flrtifimfl.1 light 

41.6 

112.6 

116.8 

PaOj plus blocked plus transplanting solution 

45.8 


Diflference necessary for significance between two treatments 

11.5 

37.6 


The fruit harvested in the first three pickings is designated as the 
early yield. Treatment 1, plants grown in 4-inch pots, produced more 
than twice as great an early yield as any of the other treatments. This 
treatment also proved to be significantly better than the others in total 
yield. The noteworthy benefits of growing plants in clay pots have been 
emphasized by a number of investigators (2, 5, 6, 7). Lengthening of 
the photoperiod did not appear to be especially beneficial. This is in line 
with the findings of Cochran (1), Additions of phosphorus and dex- 
trose produced little in the way of significant results in these experi- 
ments. 

In Table II are included the data and analysis of the 1939 and 1940 
experiments. The differences displayed in the results probably are due 
to the abnormal growing season encountered in 1940. In both years the 
plants grown in clay pots with transplanting solution added produced 
a greater early yield than any of the other treatments, although this 
difference was not significant in all cases. 

It is evident, however, that well-grown plants are necessary to secure 
large early yields. Treatment 8 in 1939 produced a very low total yield 
and nothing was harvested from these plants during the early harvest 
period. The plants grown in paper pots suffered from nitrogen shortage 
during 1940. Applications of a weak solution of nitrate of soda ap- 
peared to correct the deficiency and these plants were among the high- 
est yielders. This was to be expected on the basis of the findings of 
Knott and Jeffries (6) , It did not appear that the weight of individual 
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TABLE II — Response to Treatments in 1939 and 1940 


Treatments; 

1939 

1940 

Early 

Yield 

(Ozs) 

Total 

Yield 

(Ozs) 

Early 

Yield 

(Ozs) 

Total 

Yield 

(Ozs) 


40.75 

27.75 

38.13 

44.13 
44.63 
12.50 

31.13 
00.00 

189.00 

143.88 
168.63 
185.25 
203.50 
164.13 

146.00 

109.88 

91.50 
93.00 

48.63 
83.13 

104.13 

85.50 

62.63 

264.25 

301.63 

221.25 

235.25 
289.13 

263.63 
218.50 

Blnrked 

Flat grown 

Transplanting solution 

Clay pots plus transplanting solution 

Paper pots 

Paper bands 

Pnnr snil 

Paper pots plus transplanting solution ! 

80.75 

281.63 

Difference necessary for significance between two 
treatments 

14.42 

31.28 

17.65 

47.03 


fruits was any greater on plots with high yields than on plots with 
low yields. 

There was a tendency for the differences due to treatment to 
disappear as the season advanced. Loomis (8) has explained this 
in part as the gradual recovery of the plant from the shock of trans- 
planting. It appears that any method which will produce a large, well- 
grown plant will assure large early yields if the plant can be trans- 
planted in the field without much injury to the root system. 

The addition of transplanting solutions in most cases increased the 
yield over the basic treatment even though a marked response is not 
usually expected on a fertile soil. Transplanting solutions appeared to 
be quite effective in encouraging a quick replacement of roots and in 
stimulating early plant growth. 
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Growth of the Perfection Pimiento Fruit 

By H. L. Cochran, Georgia Agricultural Experiment SfatioUf 
Experiment, Ga. 

F ruit size is of economic importance in the Perfection pimiento. 

Therefore, growth-rate studies of the fruit were started at the 
Georgia Agricultural Experiment Station in 1938 with the hope of 
throwing some additional light on this problem. Little published work 
on the sizing of fruits was to be found in the literature prior to that 
reported on squash by Anderson (4) in 1895. Since that time, how- 
ever, numerous investigators, notably pomologists, have turned their 
attention to the subject for the most part using fruits belonging to the 
genus Primus in their work: Albert and Hilgeman (1) ; Aldrich and 
Work 2 ; Aldrich and Crawford (3) ; Blake (5) ; Connors (8) ,* Culli- 
nan and Weinberger (9) ; Dorsey and McMunn (10, 11, 12) ; Farley 
(13) ; Jones (16, 17) ; Lott (25, 26) ; Lott and Ashley (27) ; Lille- 
land (19, 20, 21) ; Lilleland and Newsom (23) ; Lilleland and Brown 
(24) ; McMunn (28) ; Tukey (31, 32, 33, 34, 35) ; Verner (37) ; 
Weinberger (38); and Weinberger and Cullinan (39). Gustafson 
(14) has reported results of growth studies on fruits of the summer 
squash, cucumber, muskmelon, and tomato, as has Smith (30) on 
potato tubers. Results of similar studies on pecan and almond nuts 
have been reported by Van Horn (36) and Brooks (6) respectively. 

Materials and Methods 

These studies were conducted in the field of Mr. F. J. Summers near 
Experiment, Georgia, during the 1938 growing season and in the 
horticultural greenhouse at the Georgia Agricultural Experiment Sta- 
tion during the winter of 1938-39. Five young buds each measuring 
5 millimeters in diameter w^ere selected and tagged on each of 50 uni- 
form plants growing in the field on August 15. Five like buds were 
tagged on each of 28 plants growing in the greenhouse on December 21. 
Diameter measurements were made with a Vernier caliper, the reading 
being taken at the nearest .5 millimeter, at weekly intervals, and a 
separate record was kept of the growth of each fruit until it matured, 
the standard of which was a deep red color, or until it dropped. 
Because of the relatively high percentage of fruit set, no substitutions 
w*ere made for those that abscissed. Samples were taken each week for 
fresh and dry weight determinations of other field-grown fruits having 
a diameter equal to that of the average of all fruits measured for that 
week. The material for drying was sliced thinly and dried for 72 hours 
at 60 degrees C in a forced-draft electric drying oven. 

Experimental Results 

Diameter Measurements : — The seasonal growth curves based on 
measurements made at weekly intervals of fruits growing in both the 
field and greenhouse are presented graphically in Fig. 1. These curves 
are also typical of the growth of single fruits. 

During the two-week period that elapsed between the date on which 
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Fig. 1. Growtli of the pimiento fruit as measured by increases in diameter 
when grown under (A) field conditions, (B) greenhouse conditions. 


the measurements were started on field-grown fruits and anthesis the 
young buds increased in size at the average rate of 0.29 millimeters 
per day and at the end of this period had attained an average diameter 
of 9 millimeters. Practically all buds were in full bloom on the 13th day 
after the outset of the experiment. Several subsequent daily exami- 
nations after this particular period showed that the ovaries started 
making appreciable gains in diameter within 3 or 4 days. Although no 
histological examinations were made of the young ovaries in this study 
similar work conducted previously by Cochran (7) on those from 
greenhouse-grown plants would tend to substantiate the statement 
that this sudden increase in ovary size was due to fertilization. The 
stimulating effects of gametic union, as shown by the gradient of curve 
A in Fig. 1 w’-as most pronounced during the third and fourth weeks. 
In fact, within this time the fruits increased in diameter at the rate of 
1.0 millimeter per day, the rate of which was approximately three and 
one-half times as rapid as that made by the same young ova-ries during 
a like period prior to fertilization. These findings are well in accord 
with those of Murneek (29) who reported for tomatoes that with a 
union of gametes growth was stimulated especially in the tissues sur- 
rounding the embryos. Results of controlled pollination experiments 
in the tomato as reported by Judkins (18) also show a very definite 
increase in fruit diameter as the result of fertilization. 
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After the fourth week the fruits exhibited a decrease in growth rate 
which gradually became less as maturity approached. The first evidence 
of fruit ripening, as shown by a definite change in exterior color from 
dark green to brown, was observed at the end of the eighth week. By 
the end of the tenth week all fruits were ripe and ready to be picked. 

In the case of greenhouse-grown fruits the increase in diameter was 
somewhat slower than in those produced under field conditions as can 
be seen in cuiwe B of Fig. 1, The buds were 24 days coming into full 
bloom and gained in diameter at the rate of only 0.25 millimeters per 
day up to this time. Within 4 days after this, however, or by the end 
of the fourth week, fertilization had apparently taken place as was 
indicated by the same abrupt increase in growth rate noted in field- 
grown fruits. During the fifth and sixth weeks the fruits increased in 
growth quite rapidly and by the end of this time had reached a diameter 
of 32 millimeters. From this point until maturity, which was 6 weeks 
later, the increase \vas very slow, averaging only 1.7 millimeters per 
week. No signs of red color appeared on the fruits until the ninth week, 
after which it took them three weeks to fully ripen. The length of time 
required for the fruits to mature in the greenhouse was 12 weeks and 
their average diameter at harvest time was 42 millimeters. 

Fresh and Dry Weights of Field-Grown Fruits : — ^The seasonal 
rate of fruit growth as determined by fresh and dry weight At definite 
intervals is shown in Fig. 2. The fresh weight curve, Fig. 2, A is 
S-shaped, thus corresponding in general to that obtained by diameter 
measurements under field conditions. The rather slow increase for 



Fig. 2, Growth of the pimiento fruit under field conditions as measured by 
increases in (A) fresh weight, (B) dry weight. 
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the first 2 weeks, prior to fertilization, was followed by a rapid rate, 
which tended to drop off as fruit maturity approached. The final aver- 
age fresh weight of the fruits was 60 grams. 

The dry weight per fruit curve. Fig. 2, B follows much the same 
course as does that for fresh weight. However, due to the rather large 
gram increments on the abscissa, the S-shape of the curve is not very 
apparent. Dry weight increased a great deal faster after the first week 
in September than it did during the last 2 weeks in August. It reached 
its maximum acceleration rate on September 26 from which point it 
gradually decreased as the season ensued. The average dry weight per 
fruit at harvest time was 8 grams. 

Discussion 

From data secured in this work, it seems feasible to divide the size 
increase of the Perfection pimiento fruit into the following stages : 

Stage 1. A period of slow growth which lasts from the early bud 
stage until 3 or 4 days after full bloom. 

Stage 2. At this point a period of rapid growth starts, the duration 
of which is approximately 3 weeks. 

Stage 3. The rapid growth rate of stage 2 suddenly slows down and 
gradually decreases as maturity approaches. 

When these rates of growth are plotted graphically against time, an 
S-shape curve, although not normal in every respect, is obtained. It 
was of special interest in reviewing the literature to find that these 
growth stages and the resultant sigmoid cuiwes were practically the 
same for most all types of fruits that have been studied except those 
of the genus Primus. In these cases the size increase is also periodic. 
The first stage is one of very rapid development which slows down in 
mid-season for the second stage, and finally breaks into a very rapid 
increase, similar to stage 1, for the third. 

Although the young buds in the field and greenhouse were the same 
size when measurements were started, those growing outdoors were 
2 weeks earlier coming into full bloom and the fruits ripened 2 weeks 
earlier than those in the greenhouse. These differences were perhaps 
due to a number of contributing factors, chief among which were light 
intensity, temperature, and nutrition. These same factors no doubt 
account in part for some of the discrepancies in the curves of this work. 
In fact, Gustafson (15) points out that nutrition alone has a very 
great effect on the growth curve of fruits. He is of the opinion that 
poorly developed conductive systems in fruits may very materially 
limit the nutrients supplied to these fruits. Lilleland (22) working with 
the apricot fruit under controlled temperatures was able to mature and 
ripen fruits 28 days earlier under these conditions than like ones grow- 
ing under ordinary outdoor conditions. 

Summary 

The S-shape growth curve was obtained in this study for the Perfec- 
tion pimiento fruit over the period lasting from the early bud stage to 
maturity. The growth of the fruit is divided into three well defined 
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periods. A period of rather slow growth is followed by one of rapid 
growth rate which tends to decrease as maturity approaches. 


Literature Cited 

1. Albert, D. W., and Hilgeman, R. H. Fruit growth and temperature 

relationship in the date palm. Proc. Anier. Soc. Hort, Sci 30 : 225-229. 
1933. 

2. Aldrich, W. W., and Work, R. A. Evaporating power of the air and top 

root ratio in relation to rate of pear fruit enlargement. Proc. Amer. Soc. 
Hort. Sci. Z2:llS-l2Z. 1935. 

3. Aldrich, W. W., and Crawford, C. L. Dry weight increase curves for 

date fruit. Proc. Amer. Soc. Hort. Sci. 37 : 187-193. 1940. 

4. Anderson, A. P. The grand period of growth in the fruit of cucurbita 

pepo determined by weight. Minn. Bot. Studies 1 : 238-279. 1895. 

5. Blake, M. A. The growth of the fruit of the Elberta peach from blossom 

bud to maturity. Proc. Amer. Soc. Hort. Sci. 22:29-39. 1925. 

6. Brooks, Reid M. A growth studv of the almond fruit. Proc. Amer. Soc. 

Hort. Sci. 37 : 193-198. 1940. ^ 

7. Cochran, H. L. A morphological study of flower and seed development 

in pepper. Jour. Agr. Res. S6: 39S-419. 1938. 

8. Connors, C. H. Growth of fruits of peach. A^. J. Agr. Exp. Sta. Ann. 

40: 82-88. 1919. 

9. Cullinan, F. P., and Weinberger, J. H. Studies on the influence of soil 

moisture on growth of fruit and stomatal behavior of Elberta peaches. 
Proc. Amer. Soc. Hort. Sci. 29:28-34. 1932. 

10. Dorsey, M. J., and McMunn, R. L. The development of the peach in 

relation to thinning. Proc. Amer. Soc. Hort. Sci. 23 : 402-414. 1926. 

11. Relation of the time of thinning peaches to the growth of the 

fruit and tree. Proc. Amer. Soc. Hort. Sci. 24 : 221-228. 1927. 

12. Seed size in relation to fruit size in the peach: The fourth 

report on the Illinois thinning investigations. Proc. Amer. Soc. Hort, 
29: 13-23. 1932. 

13. Farley, A. J. Factors that influence the effectiveness of thinning. Proc. 

Amer. Soc. Hort. Sci. 20 : 145-151. 1923. 

14. Gustafson, Felix G. Growth studies on fruits. Ptant Phvs. 1 : 265-273. 

1926. 

15. Growth studies on fruits. An explanation of the shape of the 

growth curve. Plant Phys. 2 : 153-162. 1927. 

16. Jones, I. D. Preliminary report on relation of soil moisture and leaf area 

to fruit development of the Georgia Belle peach. Proc. Amer. Soc. Hort. 
Sci. 2S: 6-13. 1931. 

17 ^ Further studies on influence of leaf area on fruit grow^th and 

quality of peach, Proc. Amer. Soc. Hort. Sci 29:34-39. 1932. 

18. Judkins, Wesley P. Time involved in pollen tube extension through style 

and rate of fruit growth in tomato (Lycopersicum esculentum Alill.). 
Proc. Amer. Soc. Hort. Sci 37: 891-894. 1940. 

19. Lilleland, Omund. Growth studv of the apricot fruit. Proc. Amer. Soc. 

Hort Sci 27:237-246. 1930. 

20. Growth study of the peach fruit, Proc. Amer. Soc. Hort. Sci 

29:8-13. 1932. 

21. Growth study of the plum fruit. Proc. Amer. Soc. Hort. Sci 

30 : 203-208. 1933, 

22. Growth study of the apricot fruit II. The effect of tempera- 

ture. Proc. Amer. Soc. Hort. Sci. 33:269-280. 1936. 

23. — and Newsom, Lawrence. A groiYth study of the cherry fruit. 

Proc. Amer. Soc. Hort. Sci 32:291-300. 1935. 

24. and Brown, J. G. Growth study of the apricot fruit III. The 

effect of girdling. Proc. Amer. Soc. Hort. Sci 34:264-271. 1937. 

25. Lott, Richard V. The growth rate and chemical composition of the Hiley 

peach from stone formation to flesh maturity. Proc. Amer. Soc. Hort. 
Sci 29:1-^. 1932, 



562 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


26. — ^ Further studies of peach fruit growth. Proc. Amer, Soc. Hort, 

.SV/. 30:201-203. 1933. 

27. and Ashley, T. E. Some varietal differences in fruit develop- 

ment in peaches. Proc. Amer. Soc. Hort. Sci. 33:258-265. 1936. 

28. McMunn, R. L. The effect of adverse climate on the sizing of cherry 

fruits. Proc. Amer. Soc. Hort. Sci. 32:303-309. 1935. 

29. Murneek, a. E. Effects of correlation between vegetative and reproductive 

functions in the tomato. Plant PJiys. 1 : 3-56. 19^26. 

30. Smith, Ora. Growth and development of the potato as influenced especially 

by soil reaction. Cornell Univ. Agr. Exp. Sta. Mem. 215. 1938. 

31. Tukey, H. B. Growth of the peach embryo in relation to growth of fruit 

and season of ripening. Proc. Amer. Soc. Hort. Sci. 30 : 209-218. 1933. 

32. Development of cherry and peach fruits as affected by destruc- 

tion of the embryo. Proc. Amer. Soc. Hort. Sci. 33 : 26S-267. 1936. 

33 . Development of cherry and peach fruits as affected by destruc- 

tion of the embryo- Bot. Gas. 98: 1-24. 1936. 

34 . and Young, J. Oran. Histological study of the developing 

fruit of the sour cherry. Bot. Gas. 100 : 723-749. 1936. 

35 . ^ and Lee, F. A. Growth and development of the embryo and 

fruit of the peach as affected by ringing and defoliation of the branches. 
Bot. Gas. 101 : 818-838. 1940. 

36. Van Horn, C. W. Notes on the effect of soil management on the growth 

in diameter of pecan nuts. Proc. Amer. Soc. Hort. Sci. 34 : 64-74. 1937. 

37. Verner, Leif. A study of growth rates in Stayman Winesap apples. Proc. 

Amer. Soc. Hort. Sci. 35: 128-132. 1938. 

38. Weinberger, J. H. The relation of leaf area to size and quality of peaches. 

Proc. Amer. Soc. Hort. Sci. 28: 18-22. 1931. 

39 . and Cullinan, F. P. Further studies on the relation between 

leaf area and size of fruit, chemical composition, and fruit bud formation 
in Elberta peaches. Proc. Amer. Soc. Hort. Sci. 29:23-27. 1933. 



Measurement of Solids in Melon Juice 

By H. W. Allinger, C. S. Bisson/ E, B. Roessler, and 
John H. MacGillivray, University of California, 

Davis, Calif. 

T he field or hand refractometer is a convenient means of measuring 
the sugar content of melons even though the juice is not all sugar. 
As Scott and MacGillivray (S) have pointed out, an instrument stand- 
ardized for one solution may not be used indiscriminately for all solu- 
tions. This paper discusses the magnitude of the differences involved 
in the use of this instrument as well as of the Abbe refractometer, and 
gives the composition of solutes found in melon juice. 

Methods 

The field refractometer used had a scale of 0~30 per cent for measur- 
ing dry substance or sucrose and was adjusted to read correctly at 
laboratory temperatures. The Abbe refractometer was used to measure 
the index of refraction which was converted to per cent sucrose by 
means of Schonrock’s Table (4). The per cent total solids was deter- 
mined by evaporating the juice almost to dryness on a steam bath and 
then drying the residue for 6 hours at 70 degrees C in vacuo. The 
organic and inorganic constituents were determined by standard 
methods. In two comparisons made with cantaloupes, sucrose inverted 
by hydrochloric acid gave a reading 0.02 per cent lower than sucrose 


TABLE I— Relation of Total Solids Readings by Three Different 
Methods (Fresh Weight Basis) 



Cantaloupes ) 
Various } 

Honeydew 

1937 

12 

12.8 

Di 

12.2 

ivis 

11.8 

2.53 

9.32 

S 

s 

S 


10 

14.5 

13.9 

13.5 

3.45 

11.53 

S 

s 

S 

Casaba 


10 

13.2 

12.1 

11.9 

2.91 

9.99 

S 

s 

s 

Persian 


10 

32.4 

12.2 

11.9 

3.26 

9.81 

S 

s 

s 

P.M.R.No.45 

1938 

11 

13.6 

12.4 

11.8 

1.90 

9.42 

S 

s 

s 

Tip Top 
Honeydew 


9 

8.6 

7.5 

7.1 

3,10 

6.71 

S 

s 

s 


10 

14.8 

13.9 

13.4 

2.98 

11.66 

S 

s 

s 

Casaba 


10 

12.8 

12.1 

12.1 

1.99 

10.36 

S 

NS 

s 

Persian 


11 

13.2 

12.4 

11.9 

2.58 

10,00 

S 

s 

s 

Water- I 

melon \ 

1 1939 I 


1 10.8 

Keyes 

10,6 1 10.4 

1 5.71 

I 9.00 

1 NS 

1 I 

1 s 

1 1940 1 

1 12 

1 10.7 

10.3 

10.2 

1 4.77 

1 9.12 

1 s 

1 NS i 

1 s 

Water- | 

1 1939 


( 11.4 

Davis 

12,0 1 11.3 

1 4.86 

1 9.74 

1 i 

1 s 

1 

melon \ 

1 1940 

1 12 

1 11.6 

11.2 

1 11.1 

1 5.56 

1 10.40 

1 s 

1 NS 

i s 


♦Refractive Index converted to per cent sucrose by Schonrock's Table (4). 
fS —significant, NS «not significant. 


^This manuscript was prepared after die deaft erf Dr. Bisson. 
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Fig. 1. Regression lines for per cent solids by drying and solids from field or 
Abbe refractometer readings for Cticiimis vielo. 


inverted by iiivertase. The juice was pressed from the edible flesh (5), 
and all comparisons were made on juice from the same melon. “Stu- 
dent’s*’ (3) method was used to determine significance. 

Results and Discussion 

The data presented in Table I and Figs. 1 and 2 indicate the high 
degree of correlation existing between the results of the three methods ; 
evidently, any of them may be used to measure soluble solids, though 
with slightly differing accuracy. The greatest value obtained is secured 
by converting the Abbe reading to sucrose by means of Schonrock’s 
Table. The determination of solids by drying gives the lowest, and the 
field refractometer reading is intermediate. Almost all the comparisons 
for Cucumis melo and over two-thirds of the comparisons for water- 
melons give significant differences. The three methods tend to check 
more closely for watermelons, perhaps because a higher percentage of 
the soluble solids are sugars. The average field refractometer readings 
for each type of melon were 3.3 per cent higher than the results by 
drying, and the average Abbe readings were 10.4 per cent higher than 
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the results by drying for 
C. melo. For watermel- 
ons the results secured 
by the Abbe reading w^ei'e 
similarly 2.5 per cent and 
3.5 per cent higher than 
the results obtained by 
drying. The results found 
in Tables II and III elim- 
inate potassium salts as 
one possible explanation 
for these variations. 

Nitrogen and ash anal- 
yses are found in Table 
II. Watermelons are dis- 
tinctly lower in ash and 
slightly lower in nitrogen 
when compared with the 
Cucumis melo varieties 
used. Watermelons seem 
lower iii most of the ele- 



s 9 /o /r /e /3 

Per ce/i£ so//cfs /ror? refrcrrio/i^eier 


Fig. 2. Regression lines for per cent solids 
by drying and solids from field or Abbe 
refractometer readings for watermelons. 


ments determined except 

magnesium. Potassium is the high constituent, forming more than 
one-third of the ash in all melons. 


TABLE II — Partial Analysis of Juice from Melons 
(Fresh Weight Basis) 


Number 


Per Cent 



Variety Year of 





Fruits 

Ash Ca 

Mg P 

K 

N 


Danis 


P.M.R. No. 45 1938 11 0.77 .006 .005 .028 .35 .18 

Tip Top 1938 9 0.64 .007 .005 .026 .25 .07 

Honeydew 1938 10 0.87 .005 .004 .020 .37 .14 

Casaba 1938 10 0.75 .005 .003 .011 .32 .12 

Persian 1938 11 0.78 .007 .004 .015 .34 .14 


Watermelons . 


Merced 


1939 I 

7 

1 0.32 1 

.003 

1 .008 1 

1 .016 1 

1 

1 

, 1940 1 

12 

1 0.36 1 

.004 

1 .010 1 

1 .022 { 

.16 

.08 


Watermelons. 


.006 I .014 
■012 i .017 


Watermelons were analyzed for per cent chloride, sulfur, and sodium. Chloride averaged -004 
per cent, sulfur .005 per cent, and sodium .003 per cent. 


Table III is the result of an attempt to learn whether sugar solutions 
and potassium salts, alone or combined, may account for the differences 
obtained by the three methods. These differences are not great enough 
to indicate that this is a justifiable explanation. The otie-tenth per cent 
reduction found by means of the field refractometer is the approximate 
error of the instrument. Consequently no satisfactory explanation is 
offered for the differences found by the three methods. Perhaps other 
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substances occurring in the juice but not determined may cause these 
differences. 

Since the results olitained by drying are the lowest, it seems desirable 
to consider the accuracy of this method. The procedure followed re- 
sembled the official method for drying tomato pulp (4). This method, 
as well as specific gravity measurements, has been employed in for- 
mulating a table for the solids content of tomato pulp (2). This table 
has been used for 20 years in the commercial purchase and sale of 
tomato pulp. Further evidence of the accuracy of this method was the 
degree variation between duplicate samples that were dried. When the 
juice from each type of melon was dried in duplicate to determine the 
variation, duplicates were so close that this procedure was not con- 
tinued for subsequent samples. The average variation between dupli- 
cates of 19 samples was .02 per cent solids; the extreme variation, 
.06 per cent solids. These differences were so small that it did not seem 
necessary to attempt determining the water in the sample ( 1 ) . 

Lines of regression as shown in Figs. 1 and 2 may be used to change 
the per cent solids as determined by one method to those of the other 
methods. 

TABLE III — Comparison of Solids by Drying, Field Refractometer, 
AND Abbe Refractometer on Organic and Inorganic Substances 


Per Cent Solids 


Substance in Water 

By Weight 

Field 

Refractometer 

Abb4 Reading 
Converted to 
Sucrose by 
Schonrock's 
Table 

KaHP04 

0.53 

0.4 

0.5 

Sucrose 

10.0 

9.9 

10.0 


10.0 



0.53 

10.4 

10.5 


Similar results were obtained with potassium sulfate, dextrose, and sucrose with potassium 
sulfate. 


Summary 

There are significant differences in the soluble solids readings 
obtained by drying, field and Abbe refractometers. These differences 
are small but consistent. The organic and inorganic constituents deter- 
mined apparently are not a satisfactory reason for these differences. 
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The ^ ‘Difference’^ Method for Starch Determination 
of Sweetpotatoes^ 

By J. M. Lutz and Geo. P. Hoffmann, U. S. Department oj Agri- 
culture, Meridian, Miss, and W. S. Anderson, Mississippi Agri- 
cultural Experiment Station, State College, Miss. 

D evelopment of the sweetpotato starch industry necessitates 
use of a rapid, reliable method for determining the starch content 
of sweetpotato roots in experimental work on the effect of variety, 
cultural treatments, and storage methods on such starch content. 

Kimbrough ( 1 ) has found that starch-plus-water content of 
freshly dug sweetpotatoes is generally around 90 to 91 per cent. From 
this value it is possible to estimate the starch content by subtracting 
the moisture content. As Kimbrough has pointed out, this method is 
applicable only to sweetpotatoes freshly dug before vines have been 
killed by frost, because of conversion of starch to sugar in sweetpota- 
toes after the root is separated from the growing top either by harvest- 
ing or frost. This method is, of course, only an estimate since Kim- 
brough’s data show there may be a variation of per cent between 
minimum and maximum starch-plus-moisture values. For many pur- 
poses, however, this method is satisfactory. 

For more precise readings, or for sweetpotatoes that have been in 
storage, a true starch determination appears to be preferable. Success- 
ful use has been made at the Laurel, Mississippi, starch plant of a 
polariscopic method after conversion by standard amylase,^ and more 
recently of Balch’s sodium hypochlorite polariscopic method (2). The 
authors have found the latter very satisfactory for analysis of fresh 
samples, as well as for samples of mature sweetpotatoes preserved in 
cold alcohol. 

Where a polari scope is not available and a short, fairly accurate 
method is desired, the ''difference” method is suggested. It is nearly 
as rapid as the polariscopic method — one experienced person can run 
IS to 20 sweetpotato samples a day. This method has been used in the 
corn starch industry for a number of years and was modified for three 
types of sweetpotato samples as follows: 

1, On Freshly Cut or Rasped Sample: — The sample is finely pre- 
pared with a beet sampling rasp* Dry weight is determined by drying 
24 hours at 90 degrees C. The non-starch residue is determined on 5- 
gram samples as follows : The sample is transferred to an acid-hard- 

^This study represents one phase of cooperative investigations by the Missis- 
sippi Agricultural Experiment Station and the Bureaus of Plant Industry and 
of Agricultural Chemistry and Engineering. The authors are indebted to Dr. F. 
H. Thurber, Mr. R. T. Balch, and Mr. R. M. Kingsbury of the Carbohydate 
Research Division, Bureau of Agricultural Chemistry and Engineering, for 
suggestions regarding preparation and analysis of sweetpotato samples by polari- 
scopic methods; also, to Mr. W. R. Richee, Manager, Laurel Starch Plant, 
Laurel, Mississippi, for suggestions and help with the “difference’^ method. 
Analyses of a number of samples by the polariscopic amylase method were made 
for the authors by Dr. Thurber, 

®Unpublished method by R, M, Kingsbury, Bureau Agricultural Chemistry 
and Engineering, U. S. Dept. Agric. 
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ened filter paper on a Buchner funnel with 95 per cent ethyl alcohol. 
It is then washed once with alcohol and three times with cold water so 
that the total alcohol and water washings are 200 to 225 cubic centi- 
meters. The filtrate is then made up to 250 cubic centimeters volume 
and solubles determined on a SO cubic centimeter aliquot by drying 
at 90 degrees. The residue on the filter paper is transferred with ap- 
proximately 125 cubic centimeters of hot water to a 250 cubic centi- 
meters beaker and gently boiled for IS minutes to gelatinize the starch. 
It is then cooled to 55 degrees C or lower, and 10 cubic centimeters of 
malt diastase solution’^ is added, and is then placed in a water bath at 
55 degrees C for 1 hour. It is then brought to a boil and filtered while 
hot on a previously dried and vreighed filter paper on a Buchner fun- 
nel with suction and then washed three times with hot water. The 
use of coarse aluiidum filtering crucibles (RA98) instead of filter 
paper at this point saves one weighing. Filtration and washing are 
facilitated by the use of water near the boiling point. The filter paper 
and residue are dried at 90 degrees C and then weighed in a closed 
container. The per cent starch (fresh weight basis) equals per cent diy 
weight minus per cent of solubles and of non-starch residue on filter 
paper. 

As shown in Table I, starch values obtained in this manner on 
freshly harvested roots were found to be essentially the same as those 
obtained by the sodium hypochlorite polariscopic method. 

TABLE I — Comparison of Starch Values Obtained by Difference 
and by Polariscopic Method 

I Per Cent Starch (Fresh Weight Basis) 


Date Variety 

Polariscopic Method Difference Method 

Nov 22, 1939 Triumph 21.80 22.10 

Feb 20,1940 Porto Rico 15.81 15.58 

Feb 20,1940 Triumph 21.97 22.18 

Jul 12,1940 Triumph 22.75 22.75 

Aug 23, 1940 Triumph 24.94 25.i8 

Aug 23. 1940 Porto Rico 21.17 21.75 


In order to determine the variability that could be expected of 
replicate analyses from the same lot of material, five separate analyses 
were made on three lots of material by each of the two methods. The 
coefficients of variability (standard deviations in per cent of the mean) 
for the three lots of material by the difference method were 1.03, 0.75, 
and 0.66. For the polariscopic method the coefficients were 1.48, 0.87, 
and 0.46. 

2. Ow Entire Alcohol-Preso'ved Sample : — ^Dry weight is deter- 
mined as for fresh samples. For solubles and non-starch residues, 5 
grams of finely rasped sample is washed into 2-ounce screw-capped 
wide-mouth bottles with approximately 25 cubic centimeters of 95 per 
cent ethy l alcohol and the caps screwed down tightly.^ When the sam- 

®Malt diastase solution was made by extracting 20 grams of malt diastase 
with 400 cubic centimeters distilled water for 2 hours and then filtering. 

*When alcohol preserved samples are to be anaylzed by the sodium hypo- 
chlorite polariscopic method, they should be preserved in cold alcohol since heat- 
ing may result in a low or inaccurate reading. The difference method can be 
used either on samples preserved in cold or hot alcohol. 
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pie is_ to be run, it is washed on hardened filter paper with alcohol as 
described above for fresh samples. From here on the procedure and cal- 
culation are the same as described for fresh samples except that LO 
should be subtracted from the resulting starch figure (on a fresh 
weight basis) to obtain values comparable to those obtained by the 
polariscopic method. 

3. On Alcohol-Insoluble Residue oj Alcohol-Preserved Sample : — In 
work in which sugar analyses were made, 200 cubic centimeters hot 
alcohol was added to 50 grams of finely sliced samples in pint fruit 
jars and boiled 5 minutes in a water bath before sealing. The samples 
were extracted with a Soxhlet extraction apparatus, and the residue 
dried and weighed. Starch in the alcohol-insoluble residue was de- 
termined after grinding in a ball mill. For the difference method, 125 
cubic centimeters of water was added to 1 gram of the ground, oven- 
dry alcohol-insoluble residue in a 250 cubic centimeter beaker. It was 
found desirable to wet the material with a small amount of water 1)e- 
fore adding all the water. After boiling to gelatinize the starch, the 
procedure was the same as for the fresh samples. The loss in weight 
of the extracted residue, divided by w^eight of residue used, multiplied 
by the weight of the residue, and divided by the weight of the original 
sample gives per cent of starch on fresh weight basis. 

Analyses of several duplicate samples by Dr. Thurber using the 
amylase polariscopic method showed that it was necessary to subtract 
2.0 per cent from the per cent starch (on a fresh weight basis) ob- 
tained by the difference method on alcohol insoluble material to obtain 
values comparable to those obtained by the amylase polariscopic 
method on this material. 


Literature Cited 

L Kimbrough, W. D. Starch in freshly dug sweetpotatoes estimated from 
the moisture content. Proc. Amer. Soc. Hort. Sci. 37 : 846-848. 1940. 

2. Paine, H. S., Thurber, F. H., Balch, R. T„ and Richee, W. R, Manu- 
facture of sweetpotato starch in the United States, hid. and Eng. Chem. 
30:1331-1348. 1938. 



Hybrid Vigor in Some Tomato Crosses 

By IvA M. B urges s, Maine Agriadtxiral Experiment Station, 
Orono, Me. 

H ybrid vigor in plant life is a well known phenomenon and its 
occurrence in tomatoes has been reported by previous investi- 
gators. Also the possibility of the commercial use of first generation 
hybrids has been suggested (1, 4). This report gives the results of 
comparing certain crosses with existing varieties. 

As has been reported by Driver (2) and Hadfield and Calder (3), 
it was found that there w as niiich variation in the possible worth of 
different varietal combinations. The material from which this study 
w^as made was produced for a breeding project to develop an early 
tomato resistant to cracking. As a consequence, all crosses have as a 
parent some progeny from a selection of Red River which was early 
and quite free from cracking. Other parents were Shirley Bonny Best, 
Pritchard, Lincoln, Marglobe, Delicious, Cortland, Canadian or selec- 
tions from one of them. Yield records have been taken from a total of 
26 crosses. In addition to the above crosses, numerous crosses of dif- 
ferent parentages have been under observation. None of them, how- 
ever, w^ere sufficiently desirable to warrant continued trial. 

Table I summarizes the yield data obtained from the hybrids and 
their parents. Since interest was primarily in the early crop, data are 
given only on that harvested up to the last of August or early Sep- 
tember. The Fi material was earlier, as expressed in the amount of 
early yield, than one and usually both parents, Marglobe hybrids were 
in this respect somewhat intermediate between the parents. Delicious, 
a variety of approximately the same season as Marglobe, produced 
hybrids considerably earlier than the Marglobe hybrids. Cortland and 
Canadian, varieties similar in bearing habit to Red River did not ex- 
press hybrid vigor in the earlier yields but did so later. With the 
exception of the Cortland and Canadian crosses, there was frequently 
a definite decrease in fruit size of the hybrids as compared with their 
parents. 

The Pritchard crosses w^ere superior to all others in general desir- 
ability. The best one was continued in the variety trial plots to learn 
its possible value as compared with commercial varieties. This particu- 
lar cross w'as with Red River selection 44—9, a line which also com- 
bined favorably with Shirley Bonny Best. The Bonny Best cross was 
observed in the trial plots for a few seasons but was discontinued 
l^ecause of the small size of the fruit and the susceptibility to blight 
infection on the fruit. 

Pritchard x Red River 44-9 has now been compared with com- 
mercial varieties for seven seasons; in three of which, plots were 
located in two counties making a total of 10 plots. Table II summarizes 
the yield data in comparison with that of three of the varieties grown. 
Speed has been found to be the most dependably early variety of those 
grown but is not recommended for market use bemuse of the small 
fruit size. Shirley Bonny Best represents the earliest commercially 
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TABLE I — Comparison op Hybrids and Parents 



Total Yield per Plant and 
Per Cent Increase (or 
Decrease) of Hybrid as 
Compared with Parents 

Average 

Pound 

per 

Market- 


Distribution of Some Cullsf 

Variety 

Mid 

August 

First 

September 

Per 
Cent 
Market- 
able j 

1 

i 

! 

j ! 






(Pounds) 

(Per Cent) 

(Pounds) 


(Per Cent) 

Fruit 

Cracked 

X 

X 

1 ^ 

Small 

Blight 

Shirley i 

1 -44 1 

1 84 

Summary of 1934 and 1936 Records 
t 3.0 1 27 i .30 1 68 ! 

! 5 i 

0 1 

2 1 

21 

Red River sel.*. . . I 

.68 

21 

3.3 


12 

.31 

72 

i S 

0 


10 

5 crosses i 

1 .81 1 

— 

3.8 


— 

.26 

70 

5 

3 1 

4 t 

18 

Pritchard ! 

1 .10 1 

Summary of 1934 , ^Q35t and 1936 Records 
\ 470 1 2.0 1 59 1 .38 1 81 1 8 ! 

4 1 

3 I 

J 

Red River sel 

.46 1 

24 

1 2.0 


54 

1 .30 

! 65 

5 

12 j 


5 

6 crosses 

1 .57 1 


1 3.2 

1 

1 

1 .32 

1 77 j 

1 5 1 

6 1 

3 1 

7 

Lincoln 

1 .31 

1 158 

1 2.3 


1936 j 
82 

Records 

1 -24 

i 67 

1 3 1 

3 

1 13 1 

I 12 

Red River sel 

.48 i 

67 

1 2.8 


52 

.27 

1 73 

! 4 j 

; 11 i 

8 

3 

1 cross 

1 .80 , 


1 4.2 


— 

1 .23 

! 70 

1 2 1 

! 3 1 

I 5 j 

1 12 

Canadian sel 

.12 

1 0 

1 -0 


1935 ■ 
100 

Records 

.34 

70 

0 

19 

9 i 

0 

Red River sel 

.12 

0 

.6 


177 

.31 

70 

2 

16 

10 

0 

4 crosses 

.12 


1.8 


-- 

.35 

73 

0 

20 

0 

0 

Cortland 

I 

>Iot Grown 


— 






Red River sel 

.12 

I 33 

1 


89 

.31 

70 

2 

16 

10 

0 

3 crosses 

.16 

1 

1 1.2 



.35 

76 

3 

14 

7 

0 

Margdobe 

Red River sel 

.15 

1 147 

1 1.6 


1934 

9 

Records 

.39 

48 

50 

2 

0 

0 

.87 

-58 

1 3.9 


-56 

.35 

70 

3 

7 

2 

17 

2 crosses 

.37 


1.7 


— 

.36 

67 

6 

1 

0 

22 

Delicious 

] 

Not Grown 


— 

— 

— 


— 

— 

— 

Red River sel 

.87 

j -14 

[ 3.9 


2 

.35 

70 

3 

7 

2 

17 

6 crosses 

.75 


1 4.0 


— 

.30 

61 

10 

2 

0 

26 


*Red. River Sel. — Indicates whatever group of the selections was being grown in the seasons 
for which records are given. 

tOther culls included sunscald, rot, and blossom end rot of which there were such small or 
uniform amounts that their tabulation was not considered of interest for this report. Cracked — 
marketable shape and size but badly cracked. Rjough — catfaces and other misshapen fruit. Small — 
roughly less than .2 pound. Blight — probably mostljj; early blight. 


desirable variety, while the performance records of Pritchard are given 
because it is one of the parents of the cross. In this table data on only 
the marketable yields are given as they are of primary interest in this 
comparison. Statistical analysis was riot considered necessary since, 
with one exception, the relative positions of the varieties and the cross 
have been consistent. The exception was in a plot with growing condi- 
tions to which Speed responded particularly well, thus producing a 
greater yield than the Pritchard cross. 

In 1936 hybridized seed of Red River 44-9 with Pritchard, Shirley 
Bonny Best, and Lincoln were sent to a few growers for trial purposes 
to be compared with other varieties which they might be growing. The 
final total who returned reports of having grown the material was 13. 
Of these, nine obtained equal or better yields from the Pritchard cross 
than from any other variety, three had something earlier. The Shirley 
Bonny Best cross was preferred by two growers because it was some- 
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TABLE II — Co*MPARisoN of Pritchard x Bed River 44-9 with Some 
Important Varieties (Computations Based on 7 Years 
Data Totaling 10 Plots) 


Variety 

Marketable YTelds 
(Pounds per Plant) 

Average 
Per Cent 
Salable 

Average Weight 
per 

Marketable Fruit 
(Pound) 

First 

August 

Mid 

August 

First 

September 

Pritchard XRed River 44-9 . . , 

.21 

1.37 

3.97 

76.3 

.33 

Speed 

.18 

1.13 

3.01 

57.5 

.26 

Shirley Bonny Best 

.07 

.76 

2.97 

71.5 

.30 

Pritchard 

.03 

.59 

2.18 

78.7 

.38 


what earlier but in general the fruit was considered too small. Trials 
in northern Maine indicate that this cross may be superior to the 
Pritchard cross in that locality. 

Attempts to make some estimate of the cost involved in producing 
hybridized seed, for one reason or another, have been abortive. That 
the use of hybridized tomato seed is feasible has been demonstrated by 
a Maine grower who produces his own seed for both greenhouse and 
field crops. 
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The Seedling Test Method for Root-Knot-Nematode 

Resistance 

By D. M. Bailey, Tennessee Agricultural Experiment Station, 
Knoxyille, Tenn. 

T he severity of root-knot nematode in certain areas of Tennessee 
(3) led to the initiation, in 1939, of a project for the breeding of 
tomato varieties tolerant to Heterodera marioni (Cornu) Goodey. 
An economical method of testing the materials available was desired, 
for field tests are expensive and sometimes unsatisfactory because of 
the inactivity of nematode during the early, cool part of the season. 

The literature revealed that Barrens (1) obtained uniform infesta- 
tions with seedling inoculation of beans. This method was chosen for 
the testing of tomato varieties and species. It was necessary to use 
copper oxide for control of the damping-off diseases usually present in 
greenhouse soils, which harbor severe nematode infestations. Large 
amounts of this spray material failed to discourage iiema attacks upon 
the young seedlings. 

A study vras made of the number of seedlings that should be grown 
in each pot for ease and accuracy of classification. Forty-two pots were 
planted for these observations. The number of seeds placed in the 
containers varied from IS to 75. The final stand of seedlings totaled 
1,026, the number in the different pots ranging from 7 to 60. Plants 
were classified for root injury 21 days after seeding and inoculation. 
It was found that the number of seedlings growing in each pot affected 
the classification. The correlation coefficient of -.3524, although not 
highly significant, indicates the advisability of growing as nearly fixed 
a number of seedlings in each pot as possible. 

During the course, of the studies it w^as found that some of the cul- 
tures contained plants escaping infestation. These plants developed 
galls upon reinoculation. Sixty-nine pots from the preliminary trials 
and the tests of the commercial varieties w^ere observed for distribution 
of plants failing to show root knot at time of classification. The number 
of plants in the different cultures ranged from 1 to 57. The 69 totals — 
the number of seedlings in each pot contributing one total — were 
arranged in sequence. These were then separated into six groups to fit 
the binomial distribution as nearly as possible. The chi-square values 
for escape plants occurring in the six groups are shown in Table I. 
The largest single contribution to the highly significant total chi-square 
value is made by the group containing only a few seedlings in each pot. 
To be sure, the distribution values shown in this table do not take 
into account the large number of pots without escape plants, but they 
do help to elucidate two important questions considered in the studies. 
First, the amount of inoculum applied to each pot apparently is not a 
limiting factor in producing infestations wdien the quantity of seedlings 
per pot is kept below the upper limits given in Table I, Second, since 
from 25 to 30 seedlings are desirable for ease and accuracy of clas- 
sification, the planting of groups of that size is advisable. This 'would 
prevent the occurrence of some of the escapes. 
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TABLE I— Distribution of Escape Plants in Six Groups of Tomato 
Seedlings Inoculated at Time of Planting 


Group 

Range 

of 

Plants 

Per 

Pot 

(Number) 

Total Seedlings 

Escape Seedlings 

Theoretical 
Binomial 
Distribution 
of Plants in 
Each Group 
(Number) 

Deficit 

or 

Surplus 
Plants in 
Groupt 
(Number) 

Observed 

Escapes 

in 

Group 

(Number) 

Calculated 

Escapes 

in 

Group 

(Number) 

1 0— C 
(Num- 
ber) 

6 

1 

0 

1 

1-10 

54 

1 

14 

5.8 

8.2 

11 . 59 ** 

2 

11-21 

270 

-4 

37 

28.9 

8.1 

2.27 

3 

22-28 

540 

4 

64 

57.8 

6.2 

0.66 

4 

29-41 

540 

-12 

49 

57.8 

-8.8 

1.34 

5 

41-51 

270 

6 

16 

28.9 

-12.9 

5.76* 

6 

57 

54 

3 

5 

5.8 

-0.8 

0.11 


Totals 

1 1728 

-2 

185 

186.0 

— 

21.73** 


tCalculations made -without allowance for deficit or surplus plants in each group. 
**Highly significant value. 

♦Significant value. 


From the preliminary findings, the following method was found 
satisfactor}’' in testing an estimated 36,000 Lycopersicon seedlings: 
Two-inch pots were filled with the nematode-infested sandy loam soil 
to within ^ inch of the top of the container. Approximately 3 grams 
of chopped root knots from infested tomato plants were then pressed 
into the soil of each pot. Seventeen cubic centimeters of red copper 
oxide — 1 part CuaO to 57-63 parts water — ^was poured over the sur- 
face of the soil and the inoculum. To permit movement of the larvae 
from the chopped root knots into the soil, the pots were allowed to 
stand for 2 days before the seeds were planted. During this time the 
pots were covered to prevent desiccation of the soil and the inoculum. 
From 30 to 40 seeds were placed in each pot and sprayed with the 
copper oxide solution before covering with fine sand. All pots were 
again covered with paper until the seedlings emerged. Water was 
supplied in sufficient quantity to maintain optimum growing conditions 
by alternating between tap water and a solution containing 1 part 
CU 2 O to 475 parts w^ater, until three applications of this solution had 
been made. The plants were classified into six groups according to the 
amount of injury to root and hypocotyl. These observations were made 
from 19 to 21 days after seeding. 

Five species of Lycopersicon have been tested by this method. 
Ninety-five commercial varieties and several selections of L. escu- 
lentum from experimental laboratories failed to show tolerance. With 
three possible exceptions, no tolerance was found in 420 seed lots of 
L. esciilentum from the United States Bureau of Plant Industry, 
Division of Plant Exploration and Introduction. Three other species, 
L. glandulosuniy L. hirsutum, and L, pimpinellijolium, also were found 
susceptible. L, peruvianum appears to be more tolerant to root knot 
than the other species tested. Selections have been made from 1 1 of 
the 25 introduced seed lots of this species. Twenty of the original 299 
selections are still free of galls after growing in nematode-infested soil 
for a period of 6 months. 

The ability of nematode to become adapted to a new host species 
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(2) justifies a conservative attitude toward the ultimate selection of 
highly root-knot-tolerant plants, but the recently conducted tests indi- 
cate that there are possibilities for the breeding of tolerant varieties. 
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Heterosis in the Tomato as Determined by Yield 

By Arthur Meyer and N. D. Peacock, University of T ennessee, 
Knoxville, Tenn. 

T he yield per acre of tomatoes in Tennessee is low, being roughly 
one-half the average of the United States, and one-third of the 
highest-producing states (7). The low yield is attributed usually to 
pathological causes,’ especially foliar diseases. Breeding of tomatoes to 
meet this condition has been in progress for years, but little or no use 
has been made of the increased vigor obtained in certain Fi crosses. 

Wellington (8, 9), Stuckey (6), and Hayes and Jones (3) all 
reported increased yields from Fi hybrids. But interest in the subject 
apparently waned after 1922, in spite of the fact that Fi hybrids were 
reported to be practical. Hadfield and Calder (2), in New Zealand, 
revived the subject in 1936, and reached the same conclusions as the 
earlier investigators. 

Kakizaki (4), reporting in 1931 on hybrids of eggplant, stated that 
two crosses had been selected and were being used for commeixial 
purposes in Japan. Curtis (1) has shown that a hybrid of summer 
squash is entirely practical atnd highly productive. 

The popularity of corn hybrids, and the increased interest in Fi 
hybrids of other plants, prompted the writers to investigate further the 
possibility of utilizing heterosis in the tomato as a means of increasing 
the yield of this fruit. 


Procedure 

Twelve reciprocal and three single crosses were made and compared 
wdth their five parental varieties. The selection of the parental varieties 
was based on suggestions found in reports of previous investigations. 
Wellington (9) advised the use of Earliana. Hadfield and Calder (2) 
considered that varieties showing marked differences would show 
greater heterosis when crossed than varieties that are more alike in 
morphological respects. To maintain desirable fruit size, however, 
small-fruited varieties would have to be eliminated. A study of varietal 
relationship (S) and production records in Tennessee led to the con- 
clusion that some of the most promising parental varieties would be. 
Earliana, Marglobe, Indiana Baltimore, and Nystate. Reciprocal 
crosses of these varieties were made. In addition, Bonny Best was 
used as the pollen parent in crosses with Earliana, Marglobe, and 
Indiana Baltimore. Earliana and Nystate were used in an effort to 
obtain earliness, and Marglobe and Indiana Baltimore were used to 
secure large yields, since they normally produce more fruit under 
Tennessee conditions than other varieties. Bonny Best was included 
because of its former popularity. 

Plants of these varieties and hybrids were grown in the usual man- 
ner, and fruited in 1939. In all except Earliana $ x Bonny Best $ the 
plots consisted of five plants each, with plants spaced feet each 
way. The plots were replicated four times and randomized, and the 
plants were pruned to one trunk and trained to stakes. The fruit was 
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TABLE I — Calculated Yields per Acre of Parental Varieties 
AND Fa Hybrids 




1939 

1940 

Two- 

Per Cent 

9 Parent 

d' Parent 

U, S. 

No. 1 
(Tons) 

U. vS. 
No. 2 
(Tons) 

Total 

(Tons) 

U. S. 
No. 1 
(Tons) 

U. S, 
No. 2 
(Tons) 

Total 

(Tons) 

year 

Ave 

(Tons) 

Increase 

Over 

Indiana 

Baltimore 

Indiana 

Baltimore 

Selfed 

Earliana 

Marglobe 

Ny state 
Bonny Best 

6.05 

4.72 

5.74 

3.50 

2.24 

5.36 

7.08 

7.87 

8,05 

7.33 

11.41 

11.80 

13.61 

11.55 

9.57 

4.10 

4.28 

6.79 

3.02 

2.73 

3.33 

3.34 
2.76 

6.83 

7.61 

10.13 

5.78 

9.12 

9.70 

11.87 

8.66 

6.36 

30.15 

-^5.04 

Earliana 

Selfed 

Indiana 

Baltimore 

Marglobe 

Ny state 
Bonny Best 

1.60 

3.31 

3.65 

1.44 

1.84 

8.33 

7.06 

9.73 

6.98 

8.70 

9.99 

10.37 

13.38 
8.42 

10.54 

3.89 

5.40 

5.70 

2.88 

3.24 

4.01 

6.77 

8.64 

9.71 

8.38 

9.50 

11.54 

-8.11 

4.16 

26.53 

Ny state 

Selfed 

Indiana 

Baltimore 

Marglobe 

Earliana 

1.39 

2.45 

2.82 

2,10 

8.76 

8.31 

10.25 

7.40 

10.15 

10.76 

13.07 

9.50 

3.34 

3.52 

6.54 

3.29 

3.65 

4.53 

6.63 

7,17 

11.07 

8.39 

8.96 

12.07 

-8.00 

-1.75 

32.43 

Marglobe 

Selfed 

Bonny Best 
Earliana 

Ny state 
Indiana 
Baltimore 

1.55 
1.70 1 
5.72 
1.87 

3.85 

6.25 

9.59 

7.15 

10.19 

7.54 

7,80 

11.29 

12.87 

12.06 

11.39 

2.89 

3.73 

6.69 

4.72 

4.64 

2.40 

4.27 

3.11 

4.98 

4.60 

5.29 

8.00 

9.80 

9.70 

9.16 

6.54 

9.64 

11.33 

10.88 

10.27 

-28.28 

5,70 

24.23 

19.29 

12.61 

Bonny Best 

Selfed 

1.51 

7.40 

8.91 

3.66 

2.87 

6.53 

7.72 

-16.36 


graded according to U* S. Standards for fresh tomatoes, and yields 
were recorded in pounds. 

The supply of seeds of the original stock was ample for a repetition 
of the plantings in 1940, The three hybrids giving the lowest yields 
in 1939 were omitted ; and another cross was dropped because of low 
germination and low yield. The remaining varieties and hybrids were 
planted in triplicate plots of five plants each, spaced 3 feet apart 
each way. 
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TABLE III— Average Number of Fruits per Plant in 1939-1940, Listed 
IN Descending Order of the Total 



Fruits Per Plant 

Variety or Hybrid 

U. S. No. I 
(Number) 

U. S. No. 2 
(Number) 

Total 

(Number) 


10.5 

9.7 

20.2 


7.1 

10.8 

17.9 


8.7 

8.0 

16.7 


4.9 

10.9 

15.8 



6.1 

9.4 

15.6 

Earliana XIndiana Baltimore 

6.7 

i 8.5 

15.2 

Ny^rt-stfi 

3.7 

10.5 

14.2 

IVlarglobe Xlnd 1311^*1 Hfl.1+,iin.rsrft 

6.1 

8.0 

14.1 

Indiana Baltimore XEarliana 

6.3 

7.3 

13.6 

Indiana Baltimore 

7.7 

5.6 

13.3 

Earliana 

4.2 

9.0 

13.2 

Bonny Best 

3.7 

8.8 

12.5 

Indiana Baltimore X Nystate 

4.8 

7.6 

12.3 

XB^npy Best .■ 

3.3 

8.4 

11.7 

Nystate XIndiana Baltimore 

3.9 

7.6 

11.5 

Marglobe 

3.2 

7,0 

10.2 


Results 

Table I shows the calculated yields per acre, and the per cent in- 
crease over Indiana Baltimore, the variety which gave the highest 
yield. It is apparent that the most productive hybrids gave substantial 
increases over the yields of parental varieties. 

Table II gives average weights of No. 1 and No. 2 fruits grown in 
1940. It shows that some hybrids produce larger fruits than their 
parents, some are intermediate between the larger and the smaller 
parent, and some are smaller than either parent. The two hybrids 
producing the smallest fruits, however, were among those making the 
highest yields. 

The average number of fruits produced per plant is shown in Table 
III. Here again it appears that certain hybrids are superior, some 
intermediate, and others inferior to their parents. The five hybrids 
making the highest yield per acre also produced the highest number 
of fruits per plant. Two of these produced the smallest fruits. 


TABLE IV— Total Number of Fruits in U. S. Grades Pickfj> from All 
20 Plants the First Five Harvest Dates (July 1, 3, 5, 7, and 10, 1939) 
Listed in Descending Order of Total Number of Fruits 


Variety or Hybrid 


Marglobe9 XEarlianacf 

Earliana X Indiana Baltimore . 

Earlxana X Marglobe 

Indiana Baltimore xEarliana . 

Nystate 

Nystate XMarglobe 

Indiana Baltimore XMarglobe, 

Bonny Best 

Marglobe X Nystate 

Nystate X Indiana Baltimore. . 

Indiana Baltimore 

Marglobe XIndiana Baltimore. 
Indiana Baltimore X Nystate. , 

Earliana. 

Marglobe XBonny Best 

Marglobe 


U. S. No. 1 

U. S. No. 2 

Total 

14 

37 

61 

8 

41 

49 

6 

31 

37 

9 

27 

36 

3 

32 

35 

2 

28 

30 

4 

24 

28 

3 

25 

28 

0 

26 

26 

2 

22 

24 

7 

14 

21 

3 

18 

21 

2 

19 

21 

3 

17 

20 

0 

12 

12 

0 

U 

11 
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All important factor in the production of tomatoes for the fresh- 
fruit market is earlin(\ss. The records for 1939 give a satisfactory 
])icturc of carlincss in the varieties and hybrids studies. A severe 
infestation of tomato fruit worm in 1940 delayed the first marketing 
until July 9, as compared with July 1 the previous year. The total 
numlier of U. wS. No. 1 and U. S. No. 2 fruits harvested from the 
20 plantvS of each variety and hybrid under trial in 1939 is shown in 
Tabic TV. The first four hylirids in 1939 were the first four in 1940. 
Tlie large number of fruits in both grades, especially of U. S. No. 1, 
produced by four hybrids, and by Indiana Baltimore, should be of 
great importance to growers interested in early production for market. 

An interesting fact is to be observed in the position that Marglobe 
liolds in the various tables. This well-known and popular variety pro- 
duced the lowest quantity of fruit, the smallest numlDer of fruits early 
in the season, and the smallest number of fruits per plant throughout 
the season. The average weight of each Marglobe fruit was greater than 
that of any of the otlier parental varieties. The strain of Marglobe used 
in this work was ol:)tained from one of the largest and most re]:)utable 
seed companies in the United States and was their best strain. A strain 
of Marglobe from another source produced only slightly better than the 
parental strain in 1940. Nevertheless, the Marglobe used in this project 
proved to be satisfactory as either male or female parent, the former 
being somewhat siq^erior, as shown in Table 1. 

Tlie cross of Marglobe 9 x Earliana ^ produced an exceptionally 
smooth fruit with the greatest freedom from cracking. This was very 
noticeable during the picking season both years. 

Conclusions 

F rom the data presented herein the following conclusions are drawn : 

1. Certain hybrids of some standard varieties of tomatoes have 
proved to be superior to their parents by giving higher yields of fruit 
early in the season and higher total yields. 

2. Of the varieties vStudied, Indiana Baltimore gave the highest yield. 

3. Ffybrids of Nystate 9 x Marglobe and Indiana Baltimore 9 
X Marglobe ^ were sufficiently superior to the highest-yielding va- 
riety to be of value as a canning crop. 

4. Marglobe 9 x Earliana $ was sufficiently superior in early yieldvS 
and total yields to be useful for the fresh-fruit market. The reciprocal 
cross was almost as good. 

5. Nystate 9 x MarglDl)c $ made almost doul)le the yield of the male 
|)arent, whicTi is a standard and commonly grown variety. 

It is the opinion of the writers that Fi hybrids of tomatoes may be 
of value to growers in general. Certain ci'osses should be of .special 
value under intensive culture. 
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Green Cotyledon, a New Character in the Mature 
Lima Bean (Phaseolus Lunatus L.) 

By Roy Magruder and R. E. Wester, [7. S. Horticultural 
Station, Beltsville, Md, 

S eedsmen have selected toward green seeded limas for a long 
time and have achieved varying shades of green in the seed coat. 
As far as the writers know, green cotyledons in the dry or mature lima 
bean were first recognized and saved for breeding purposes in 1936 
and 1937 by representatives of seed companies in Colorado and Cali- 
fornia. This new type was first publicly offered for sale as Green 
Seeded Henderson in the January 1, 1940 catalog of the Associated 
Seed Growers, Inc., although it was sampled out to a few canners in 
1939. The same type was entered in the 1940 All America vegetable 
trials by Ben Fish and Son, It is reported that F. H. Woodruff and 
Son plan to accept contracts for the 1941 crop of their strain. 

A few seeds were discovered during the hand picking of commercial 
seed crops of the Henderson Bush variety. The next generation plants 
and pods were almost identical with the Henderson Bush variety but 
practically all seeds were of the green cotyledon type, indicating that 
the new type probably arose as a mutation. 

Following receipt of this type in the early spring of 1940, the writers 
made a search in remnants of green seeded selections from hybrids 
between Henderson and Fordhook and found two seeds in the 1939 
progeny of one plant and six from that of another. The plants from 
these eight seeds are not yet mature. 

Description 

In season of maturity and in productiveness, the Henderson green 
cotyledon type seems to 1)e the same as Henderson Bush judged on the 
basis of several trials during 1940 in the eastern states. 

Plant size and habit of growth are identical with Henderson Bush, 
but under certain conditions the leaves are reported to be slightly 
darker green. At Beltsville, Maryland, and in New York State there 
was no discernible difference. 

Pod size and shape are likewise identical with Henderson Bush ex- 
cept that tlie pods do not turn yellow as they mature but dry green 
and then later bleach out to a straw yellow when exposed to the sun 
and weathering influences. Pods that mature under the leaves are 
green in color, whereas those above the foliage usually fade to straw 
yellow in color. As the plant loses its leaves the lower pods also become 
bleached to straw yellow color. 

The immature beans are indistinguishable from Henderson Bush 
in size, shape and color, and it is not until the mature beans of Hender- 
son Bush lose the green color and turn white or light cream that the 
green cotyledon type can be identified. The fresh dry beans of the green 
cotyledon type are silvery blue green (11 B1 Maerz and Paul (1)) in 
color with the thin colorless testae, or seed coats, in place. With the 
seed coats removed the color varies around 20 G 2. 
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Continued exposure to sunlight and weathering out of doors has 
resulted in fading of the green color from the cotyledons of seeds of 
plants which produced only green cotyledon seeds when grown in the 
greenhouse and harvested before the pod sutures opened. In several 
cases in the greenhouse when the pods on the terminal cluster were 
allowed to remain for several weeks after they were dry enough to 
harvest, the beans in them had faded to almost white in color. The 
dry, green-cotyledon seeds gradually fade after harvest if exposed to 
light. It is not known at this time how long the green color will be 
retained in dark storage. Small lots stored in kraft paper envelopes in 
seed cabinet drawers have shown no noticeable diminution of color 
in 6 months. 


Preliminary Genetic Data 

The parent plants of the crosses reported herein and succeeding 
generations were grown in a greenhouse with screened ventilators and 
doors to prevent entrance of flies, bees, or other large insects, and 
were fumigated and sprayed at frequent intervals to control thrips and 
other insects. 

As shown in Table I, eight green-cotyledon plants (G parents) were 
used in the crosses with seven plants having white or light cream- 
colored cotyledons (P parents). All the Fi seed had white cotyledons 
regardless of whether the green or white type was the female parent, 
indicating that white was dominant to green. Due to the difficulty of 
hybridizing lima beans, no back-crosses were made. 

The F 2 results in Table I indicate rather clearly that the green- 
cotyledon character is a monogenic recessive to white or light cream 
colored cotyledon. Although no reciprocal crosses involving the same 
parent plants were successful, crosses 429, 431, and 432 indicate no 
maternal inheritance in this material. It should be noted that the four 
progenies (403b, 413a, 415a, and 423b) show deviations great enough 
to be due to causes other than chance, but other progenies from the 
same parents approach rather closely the expected 3:1 segregation. 

Commercial Possibilities 

Canners, and especially freezers, have long sought for a lima bean 
that would retain its green color until mature, hoping there])y to avoid 
the costly hand separation of white from green beans following the 
blanching process. This separation serves a double purpose in that 
it removes the hard, mature beans as well as the white, immature ones 
and results in a product of uniform quality. Since the hard, mature 
beans of the green-cotyledon type cannot be separated on a color basis 
from the immature beans it will be necessary to provide some other 
method such as brine or specific gravity separation. The new method 
will need to be very efficient, for the inclusion of mature and immature 
i^ans in the same package will adversely affect the eating quality. 
The introduction of this new color type may, therefore, require ex- 
pensive machinery and an additional costly operation, which if not 
thoroughly done, may result in a poor quality pack. 

Analyses made by A. Kramer in the Horticulture Laboratory of the 
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TABLE I— Fa Segregation in Crosses Between Green- and White- 
Cotyledon Parents (Beltsville, Maryland, 1940 ) 


Pcdii^roc Niunbcr 

Parents 

Number Seed With 
Cotyledons — 

Chit 

Square 

Female 

Male 

White 

Green 

403a 

Gl* 

P2* 

167 

70 

2.60 

403b 

G1 

P2 

127 

65 

8.09 

403c 

Gl 

P2 

211 

77 

.47 

404a 

G1 

P3 

253 

89 

.19 

404b 

Gl 

P3 

192 



405a 

G2 

P6 

154 

42 

1.33 

405b 

G2 

P6 

72 

19 

.83 

405c 

G2 

P6 

181 

64 

.16 

406a 

G2 

P6 

181 

62 

.03 

406b 

G2 

P6 

87 

33 

.40 

406c 

G2 

P6 

188 

75 

1.73 

407a 

G3 

P2 

205 

87 

3.58 

409a 

G4 

PI 

204 

84 

2.67 

409b 

G4 

PI 

172 

67 

1.17 

409c 

G4 

PI 

48 

20 

.71 

412a 

G4 

P4 

142 

40 

.88 

412b 

G4 

P4 

101 

45 

2.64 

4l2c 

G4 

P4 

215 

69 

.08 

4l3a 

G4 

P4 

146 

28 

7.36 

4l3b 

G4 

P4 ! 

43 

22 

2.71 

414a 

G6 

P6 ! 

165 

58 

.12 

414b 

G6 

P6 

46 

15 

.01 

415a 

G6 

P6 

170 

30 

4.48 

4l5b 

G6 

P6 

107 

36 

.003 

41 5c 

G6 

P6 

184 

46 

3.07 

4l9a 

G7 

PI 

195 

66 

.01 

41 9b 

G7 

PI 

121 

45 

.30 

419c 

G7 

PI 

185 

49 

2.05 

423a 

G9 

P9 

205 

71 

.08 

423b 

G9 

PO 

146 

71 

6.89 

425a 

GO 

PI 

212 

68 

.08 

425b 

G9 

PI 

53 

14 

.60 

426a 

GO 

PI 

222 

65 

.84 

426b 

GO 

PI 

141 

43 

.26 

426c 

GO 

PI 

254 

74 

1.04 

427a 

Oil 

P2 

142 

56 

1.13 

427b 

Oil 

P2 

130 

42 

.03 

427c 

Gll 

P2 

176 

59 

.002 

428a 

Gll 

P4 

205 

83 

2.24 

428b 

Gll 

P4 

136 

44 

.03 

429a 

PI 

G6 

156 

44 

.96 

429b 

PI 

G6 

252 

70 

2.83 

431a 

PU 

G2 

172 

74 

.14 

431b 

Pll 

G2 


0 

1.00 

432a 

PlI 

G2 

179 

63 

.77 


»><(» =f!frcen-cotylcdon parent. 

P sa white-cotyledon parent. 
tFor S:l ratio; 5 per cent point eqitalw .‘L841. 


University of Maryland indicate that there is no significant difference 
in ascorbic acid content between white- and green-cotyledon beans of 
the same stage of maturity (from the same pod). 

To prevent the appearance of white seeds in the harvested crop due 
to field hybridization by insects (2), it will be necessary to isolate fields 
of the green-cotyledon type far enough from fields of white-cotyledon 
limas so that bees and other insects will not fly from one to the other. 
This may not be practicable in regions where large acreages are grown. 
The other alternative would be to use only the green-cotyledon type 
in certain large sections. 

Unless a strain can be developed that will not fade in the field, much 
of the anticipated benefit of this new type will hot materialize. The 
white or faded beans will need to be removed by hand unless a satis- 
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factory specific gravity method can be developed that will remove them 
along with the hard seed of the green-cotyledon type, 

A sample of new-crop, dry, green-cotyledon seed, when soaked over- 
night and cooked until tender, lost enough green color in the cooking 
process to make the sample unattractive. The cooked material was 
variable in the amount or shade of green in different regions of the 
same bean. The flavor or texture was not superior to that of Henderson 
Bush cooked in the same manner. 
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A Study of Natural Crossing in Peppers 
(Capsicum Frutescens) 

By M. L, Odlanb and A, M. Porter, University of Connecticut^ 

Storrs, Conn. 

P LANT breeders and seedsmen disagree considerably in their opin- 
ions relative to the amount of natural cross-pollination that occurs 
in the cultivated pepper. Even a very small per cent of natural crossing 
between plants in adjacent rows is upsetting in a breeding program 
where pure lines are desired. In seed production knowledge relative to 
natural crossing is a great aid in determining the isolation necessary 
in the seed plots. No work, to the writers’ knowledge, has been done 
which indicates the actual amount of cross-pollination that takes place 
in this crop. 

Observations Relative to the Occurrence of 
Cross-Pollination 

A study of the pepper and tomato seed sold on the open market in 
Connecticut has been made ( 1 ) , This study indicates that, in general, 
there is a greater degree of variability in both fruit and plant type in 
peppers than in tomatoes. This would suggest a higher degree of cross- 
pollination in the former. As to the nature of the variability in the 
peppers, it was found that, as a rule, the samples were fairly true to 
name, or at least approached the type as indicated by the label on the 
packet. However, there were in many cases a high per cent of off-type 
plants, some of which were distinctly off-type while others were off- 
type to a lesser degree. This situation would suggest that a consider- 
able amount of cross-pollination between varieties had probably occur- 
red at some time in the seed plots. 

Further observations of strain and variety trials in Connecticut, 
Minnesota, and other states have indicated the probability of consider- 
able cross-pollination. In certain cases, a small per cent of vigorous, 
distinctly off-type plants are found in a strain. Often the progeny of 
such plants segregate for distinct types suggesting that they were the 
Fi generation (or later generations) of crosses between varieties. 

Materials and Methods 

Vegetable crop rotation study plots planted to peppers in 1938 were 
utilized in this cross-polHnation study. These plots were 20 by 36 feet 
and were isolated one from another, although in the same general field ; 
thus, they were subjected to similar environmental conditions. The 
planting distance was 3 feet by 1.5 feet. The variety used in the vege- 
table crop rotation study was a true breeding strain of Harris Early 
Giant. This variety carries dominant genes for immature fruit color, 
mature fruit color, fruiting habit, and position of the fruit. These fac- 
tors, together with fruit shape, fruit size, and certain plant character- 
istics, made it possible to differentiate the Fi plants resulting from 
cross-pollination between this variety and the other varieties used in 
the study. Table I lists the varieties and indicates the differentiating 
characters used to identify plants resulting from cross-polHnation. 
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TABLE I — Description of Harris Early Giant, the “Dominant Tester 
Variety and the Other Varieties Considered in the Study 


Variety j 

Immature 
Fruit Color 

Mature . 
Fruit 
Color 

Fruiting 

Habit 

Fruit 

Position 

Fruit 

Shape 

Harris Early Giant 

Oshkosh 

Golden Dawn 

Cayenne 

White Sweet 

Red Cluster 

Omamental 

Dark green 

Dark green 

Dark green 

Dark green 
Sulphury white 
Dark green 
Sulphury white 

Red 

Yellow 

Yellow 

Red 

Red 

Red 

Red 

Normal 

Normal 

Normal 

Normal 

Normal 

Cluster 

Normal 

Pendant 

Upright 

Pendant 

Pendant 

Pendant 

Upright 

Upright 

Blocky 

Blocky 

Blocky 

Long 

Tomato 

Long 

Blocky 


The plan of study was as follows: Immediately after transplanting 
time a single plant of Harris Early Giant was removed from the center 
of a plot and replaced with a recessive plant. Six recessive varieties 
were studied. Two plants of each variety were used, le,, there were 
two replications differentiated by location in the field. Plants in the 
first replication are referred to as Number 1 plants, and those in the 
second replication are referred to as Number 2 plants. Seed was 
saved from these recessive plants and was grown the following year. 
From observation, the per cent of cross-pollinated plants could be 
determined. For example, in the two cultures of Oshkosh, any plant 
that bore red fruit or fruit in a pendant position were known to be 
crosses. 

Experimental Results 

The results of the experiments are given in Table IL The number 
of plants grown, the number of crosses (plants showing characters of 
the “dominant tester” Harris Early Giant), and the per cent cross- 
pollination is given. In all cases, seeds from two plants were tested. 
No difficulty was experienced in determining which plants were a 
result of cross-pollination. 

The variety Oshkosh, which is a good representative of the com- 
mercially important varieties, exhibited 8.2 per cent cross-pollination 


TABLE II— Amount of Natural Cross-Pollination That Occurs When 
Certain Recessive Varieties Are Surrounded by Harris Early 
Giant as a “Dominant Tester'^ Variety 


Recessive Variety 


Oshkosh 

Goldea Dawn 
Cayenne. .... 
White Sweet . 
Red Cluster. . 
Omamental. . 


Plant 

No. 

No. of 
Plants 

No. of 
Crosses 

Cross- 
Pollination 
(Per Cent) 

1 

98 

8 

8.2 

2 

100 

10 

10.0 

Average 

— . 

— 

9,1 

1 

50 

10 

20.0 

2 

50 

13 

26.0 

Average 

— 

— 

23.0 

1 

69 

7 

10.1 

2 

67 

8 

11.9 

Average 



11.0 

1 

144 

11 

7.6 

2 

87 

11 

12.6 

Average 



10.1 

1 

33 

"e 

18,2 

2 

79 

8 

10.1 

Average 



14.1 

1 

41 

15 

36.8 

2 

41 

11 

26.8 

Ayet&g& 



31.8 
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TABLE III — Analysis of Variance of the Amount of Cross-Pollination 

IN Peppers 


Variation Due To 

Degree of 
Freedom 

Mean 

Square 

F 

Between varieties. 

5 

1 

5 

11 

163.13 

1.02 

23.10 

84.74 

6.64* 

"Wifl'in varieties , , 

Error . .-..rnr- . 


Total 

— 


*P value significant. 


in plant No. 1 and 10 per cent in plant No. 2. The average per cent 
cross-pollination is 9.1. Golden Dawn, a somewhat similar variety, 
exhibited 20 per cent ci-oss-pollination in plant No. 1 and 26 per cent 
in plant No. 2 with an average of 23 per cent. Golden Dawn frequently 
appears to produce an insufficient amount of viable pollen. This may 
partially explain the greater amount of natural cross-pollination for 
this variety. If the data from these two varieties are taken as an 
indication of the amount of natural cross-pollination in the commercial 
bell peppers, we must conclude that approximately 16 per cent cross- 
pollination occurs in the group when the plants are grown in close 
proximity. 

In the variety Cayenne, the progeny of plant No. 1 showed 10.1 per 
cent cross-pollination, and the progeny of plant No. 2 showed 11.9 
per cent cross-pollination. The average is 11 per cent. In White Sweet 
plant No. 1, 7.6 per cent of the progeny wei*e cross-pollinated, while 
12.6 per cent of the progeny of plant No. 2 were cross-pollinated. The 
average is 10.1 per cent. In Red Cluster plant No. 1 showed 18.2 per 
cent cross-pollination, while plant No. 2 showed 10.1 per cent, with an 
average of 14.1 per cent. One progeny of Ornamental showed 36.8 per 
cent cross-pollination ; the other showed 26.8 per cent. The average is 
31.8 per cent. 

The average per cent cross-pollination for the six varieties is 16.5. 
The range is from 7.6 per cent cross-pollination in White Sweet, plant 
No. 1, to 36.8 per cent in Ornamental, plant No. 1, The lowest average 
per cent cross-pollination is found in Oshkosh, while the highest is 
found in Ornamental, When the analysis of variance is calculated for 
the data presented in Table 11 it is found that the several varieties 
differ significantly in regard to amount of cross-pollination exhibited. 
The analysis also indicates that plants within a variety are similar 
relative to cross-pollination. 

Five groups of peppers are represented in the study, as follows: 
Oshkosh and Golden Dawn in the Bell group, Cayenne in the Cayenne 
group, White Sweet in the Tomato group, Red Cluster in the Tobasco 
group, and Ornamental in the Celestial group. The results of the study 
would appear to indicate that natural crossing takes place between all 
types of peppers. 

Discussion and Conclusions 

The results of this experiment indicate that, in general, there is 
enough natural crossing in the cultivated pepper to necessitate a certain 
amount of isolation of seed plots and isolation or protection in breed- 
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ing work. The distance of isolation or the amotiiit of protection required 
was not determined. 

The data appears to indicate that there is some difference in the 
amount of natural crossing that occurs between the various varieties. 
The data also indicates that natural crossing occurs equally or as 
readily between varieties belonging to dijfferent groups as between 
varieties in the same group. In the study, no data was obtained that 
indicated that any particular group or variety was entirely self- 
fertilized. 

The pepper flower is rather inconspicuous and non-fragrant, a fact 
that would suggest insect pollination not very likely. Erwin (2) found 
that the flowers produced nectar and that insects did at times visit 
them. The writers are of the opinion that honey bees are largely 
responsible for the cross-pollination that takes place. This insect has 
been found working on the pepper plant rather often. The presence 
of the bees is rather spasmodic, however, as they are found only on 
certain warm, bright days. The presence of bees in the vicinity may 
have a bearing on the amount of cross-pollination. Thrips are usually 
present in the blossoms and, no doubt, transfer pollen from blossom 
to blossom on the same plant, and also from plant to plant when the 
planting in the row is so close that the foliage touches. The amount of 
cross-pollination that can be attributed to insects will, no doubt, vary 
from season to season and from place to place, depending upon the 
numbers and kinds of insects present, as determined by the climate and 
other factors. No mention of the wind as an agent in the dissemination 
of pollen has been made. However, if, on a warm, clear day, a blossom 
is tapped with a pencil, a small ‘‘cloud” of pollen is clearly visible. 
It is conceivable to see how the wind might whip a plant slightly, 
causing the pollen to be dislodged and carried to flowers on nearby 
plants. In all probability, the wind accounts for only a very small per 
cent, if any, of the cross-pollination that takes place in this crop. 
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Nomographic Charts for the Rapid Computation of 
Measurement Ratios of Horticultural Products^ 

By Keith C, Barrons, Michigan Agricultural Experiment Station, 
East Lansing, Mich, 

A NUMBER of workers have used measurement ratios in describing 
various vegetables. With tomatoes, for example, the ratio of the 
depth of fruit to the greatest diameter expressed as a percentage has 
been employed as a measurement of fruit shape. Boswell, et al (2) 
used this “shape index'', as it may be called, in describing the char- 
acteristic fruit shape of tomato varieties. At least one seedsman has 
found it advantageous to use average depth/width ratios in catalog 
descriptions of this vegetable. 

In a study of the effect of environment on shape in cabbage, Flory 
and Walker (3), calculated the ratio of the length of heads to their 
greatest width. In connection with an investigation of the heart de- 
velopment of celery stored under various conditions, the writer has 
found it convenient to express as a percentage the ratio of the length 
of petiole to the entire length of leaf. 

It is conceivable that such measurement ratios might be used more 
widely with a number of horticultural crops, not only in varietal de- 
scriptions and breeding work, but also in studies where shape may be 
influenced by environment or cultural practices. Apparently most, if 
not all, workers who have used such measurement ratios have made 
and recorded individual measurements and calculated the ratios later. 
The writer has found it advantageous to prepare nomographic charts 
which may be used in conjunction with calipers for obtaining such 
ratios directly. Thus considerable time may be saved by eliminating the 
necessity of I'ecording separate readings and making calculations. 

The theory and construction of nomographs of various types has 
been discussed by Allcock and Jones (1) and Mavis (4). In brief, the 
nomograph devised for the rapid computation of measurement ratios 
of horticultural products consists of ordinate and abscissa axes of 
equal length, eacli graduated with the scale found on the calipers to 
be used, and as long as the measurements likely to be encountered with 
the material under investigation* A third line of equal length parallel 
to the ordinate axis and intersecting the origin of the abscissa axis 
is graduated in the form of a ratio scale on the basis of 0-100. The chart 
is completed by connecting with diagonal lines the intersection of the 
ordinate and abscissa axes with a numl>er of points on the ratio scale. 
If percentage ratios greater than 100 are likely to be encountered, the 
scale may be extended to any desirable degree, and if only a narrow 
range of ratios or measurements are found with the material on hand 
only the essential portion of the nomograph need be constructed. 

A nomograph prepared by the writer for determining the sha^e 
index of tomatoes and the method in which it is used is shown in 
Fig* 1, a, b, and c. The vernier calipers are calibrated both in inches 

^Journal Article No. 498 (n.s,) from the Michigan Agricultural Experiment 
Station. 
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Fig. 1. (c) 

Fig. 1. Steps in the use of a nomographic chart for the determination of shape 
index in tomatoes, (a) Obtain the depth measurement (polar diameter) 
^ mental note of the reading, (b) Fit the calipers to the greatest 
diameter), (c) Place one point of the calipers on the 
tfXu «>u'Mponding to the reading obtained, allow the other point 

f’f- necessary inter- 

polahon, follow out the diagonal hne to the ratio scale where a direct 
reading in per cent may be obtained. 
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and centimeters ; however, the metric scale is used in making these 
measurements. The chart is constructed on metric graph paper fastened 
to a piece of cardboard. First, the depth measurement is taken and a 
mental note made of the reading. The calipers are then fitted to the 
greatest width, and without reading this measurement, they are in- 
verted with one arm placed on the ordinate axis at the point cor- 
responding to the depth measurement and the other arm perpendicular 
■to it. By following out the closest diagonal line on which the caliper 
point falls and using the necessary interpolation, a fairly accurate 
depth/width ratio may be obtained on the ratio scale. In this case, no 
measurements greater than 10 centimeters were encountered so each 
axis was made 10 centimeters in length. When 10 measurement units 
may be used the calibration of the ratio scale is greatly facilitated as 
the graduation coincides with that on the ordinate axis. 

A very similar nomograph as shown in Fig. 2 may be employed in 
obtaining length/width ratios of cabbage heads. In this case, calipers 
and graph paper graduated in inches are used. The same calipers with 
a chart constructed to fit the material on hand were employed with 
celery to obtain the ratio of the length of the petiole to the entire leaf 
(Fig. 3). The calipers available for this work had no pointed arms, 
usually employed for inside measurements, such as were present on 


Fig, 2. A similar nomograph used in d^ermining the depth/ width ratios of 
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Fig. 3, Nomograph employed for the determination of petiole/entire leaf 
ratios in celery. 

those used for tomatoes. The necessary arms were therefore made 
of metal and attached with small screws. 

Although nomographs such as described above may have their most 
useful application as a short-cut in computing ratios where linear 
measurements are made and where calipers may be used, they might 
also be of value in work with weights and other measurements. One 
need only locate the point of intersection of lines extending perpen- 
dicularly from the two measurements on the ordinate and abscissa 
axes and then, using the necessary interpolation, follow out the nearest 
diagonal line to the ratio scale. 
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Correlation from Ranks, for Horticultural Research 

By John W, Crist, Michigan State College, East Lansing, Mich. 

A t the two previous meetings of the society I offered two pro- 
. cedures in correlation for your consideration. I would now 
affect the presentation of a third one. It is known as the method of 
Correlation from Ranks. 

This method is not new in the realm of mathematics. It's use in 
certain fields of research is not unknown. In horticulture, however, 
it has not as yet been appreciated and adopted. 

Essentially, the coefficient of correlation from ranks (p) is a modi- 
fied form of the ordinary coefficient of linear correlation. In it's 
determination, the ranks of the two variates, instead of their actual 
values, are formed and utilized. The process itself is simpler and 
more readily accomplished than that of the Pearsonian linear pro- 
cedure, and, at the same time, may yield as much information as is 
required. 

Some data from a laboratory experiment on the rate of dehydra- 
tion (under uniformly controlled conditions) of made-up biocolloidal 
cubes may be used for demonstration. Of these cubes, there were 
two series, with 12 lots of 8 cubes each in each of the two series. The 
different compositions of the 12 lots in each series were the same, 
and also were such that the rate of dehydration was expected to 
be progressively slower from the most to the least rapid. The two 
series were tested separately and under identical circumstances. 
The result, in the form of ranks, is given in Table I. 


TABLE I— Ranked Rates of Dehydration for Biocolloidal Cubes’^ 


Sets of cubes 

a 

b 

c 

d 

e 

f 

g 

h 

B 

B 


I 


n 


3 

4 

5 

6 

7 

8 

9 






n 

3 

6 

4 

7 

6 

10 

8 




Deviation 

-1 


0 

-1 


-1 

-j-1 

-2 

+1 

+1 

-1 

+1 

Sq. of deviation 

1 

1 


1 

1 

1 

1 

4 

1 

1 

1 

1 


♦Based on average weights of lots, when lot “a’' had reached constant weight. 


The formula for rank correlation, as derived by Pearson (1), is: 

p-l — ™ which “n” is the number of ranked pairs and “d” 

is the difference between the ranks in a pair. This, for the data in 
Table I, becomes: 

The probable error of this coeiBSicient was obtained by the use of 
Pearson’s formula (1), which is: 

P. E. p= (1+.806 p=*+.013 p*+.002 p«). 

vN 


With the actual values (weights) of the variates of Table I in hand, 
the usual coefficient of linear correlation may be calculated for the 
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purpose of comparison. It comes to be 0.935 ±0.024. This obviously, 
is essentially identical with the coefficient of rank correlation for the 
data on the biocolloidal cubes. 

The greater ease and speed with which the rank coefficient can be 
calculated, as compared with “r”, has been mentioned. It’s special 
merit, however, is the possibility of its use in cases where truly 
quantitative measurements are not obtainable, and hence, the values 
of the variates can not be expressed in cardinal numbers. 

An example for demonstration can be that of a result from the 
effort of a member of a so-called “tasting squad”, with respect to the 
sampling of “frozen-pack” fruit. The usual procedure in this is to set 
out a number of samples which vary in some single respect, and 
have them graded by one to several persons, or tasters. An arbitrary 
scale of, say, one to nine points is adopted. The taster uses this scale 
on the estimation of each of several properties (color, flavor, texture, 
aroma, and so on) for each sample, and at the end, these estimations 
are averaged and the sample is rated accordingly in its quality. This 
having been done for each sample, the alignment of the several 
samples, in the order of their quality, is accomplished. 

How substantial and reliable is this procedure? Obviously, it is far 
from being truly objective and quantitative. One manner of approach 
is to determine, if possible, the sensitivity and accuracy of the 
taster’s “taster”. This can be done by having him repeat the test, 
with the order of placement of the samples secretly and completely 
changed, and then correlate his two trials. 

For this, the ordinary process of linear correlation cannot be 
ernployed, since the values for the variates are not in terms of any 
unit for objective measurement. Assuming, however, that if the 
actual measurements were attainable they would have a normal, or 
nearly normal, ^ frequency distribution, the way is open to proceed 
with the technique of correlation from ranks. 

Table II gives, for demonstration, the result from a duplicated 
test for one of the tasters in a sampling of “frozen-pack” sweet 
cherries, when the value of “n” was 10. 

The coefficient of correlation from ranks for the data of Table II 
is 0.775±0.133. Obviously, it is fully significant. The efficiency of 
this particular taster, in this instance, was high. An extensive use 
has been made of the technique of rank correlation for testing the 
reliability of the so-called organo-leptic method for the estimation 
of quality in packed fruits. The outcome will be reported soon in 
some one of the national journals for research. 

The transformation of the coefficient of rank correlation into that 


TABLE II Correlation from Ranks for “Frozen- Pack" Sour Cherries 


Samples 

B 







H 

a 

B 

Rank — 1st test 

■ 

H 


B 

5 

6 

7 

a 

n 

|HiB 

Rank — 2nd test 

3 

n 


B 

6 

1 

6 

s 

9 

10 

Deviation 

-2 

-1 

-2 

0 

-1 

m 

+1 

0 


0 

Squares 

! 4 

1 

1 4 

noil 

1 

25 

1 

0 

I 

0 
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of ordinary linear correlation is easily accomplished. The formula, 
given by Pearson (1), is as follows: r = 2 sin (ir/bp). The applica- 
tion of this formula to the coefficient (0.775) for Table II gives 0.784 
as the corresponding value for “r”. 

The value of “n” in this case is small, being but 10. This being 
true the significance of “r” is better determined by transforming 
it into either a “t” or else a “z” value through the use of Fisher’s 
procedures for small samples. The formula for the “t” transfer- 
2 " 

mation is: t = ‘ ^ The value here for “t” is then 3.572. 

This value exceeds even the 1 per cent level, — indicating unques- 
tionable significance for the coefficient (0.784) obtained. And when 
“n” is small, it is better, really necessary, to convert ‘"p” into “r"’ 
in order correctly to arrive at its significance. 

In general the two coefficients (p and r) are closely the same. 
However, since the value of “r” is conditioned by the magnitudes 
of the actual values of the variates and ‘*p” by only their orders 
of rank, the two, in unique instances, may be widely apart. An. 
example of this can be the following arbitrary series, in which “p” 
is 1, or perfect, whereas “r’' is far from being equal to unity. 

x:80, 70, 60, 50, 30 
Y:150, 145,90,4,1 

The occurence of ties in ranking is apparent in Table II. Two ways 
exist for handling this situation. One of these is the bracket method, 
which is used here. Each item in the set of ties is given the same rank, 
this rank being one unit above the rank immediately preceding the 
group. The rank first following the group is then taken as though 
the ties had not intervened in the succession of consecutive numbers. 

The second way for handling ties is the mid-rank method. In this 
procedure the ranks are formed so that their sum [n (n + 1) /2] is the 
same as though no ties had occurred. For example, take “H" and 
“I” in the top rank of Table II. Without this tie these two figures 
would be 8 and 9, and their sum would be 17. Therefore, instead of 8, 
each would be given the value of 8.5, according to the mid-rank 
method. It is obvious that when ties exist, and whatever the manner 
of their adjustment, the coefficient is not exactly correct. Its inexact- 
ness, however, is slight, and it is considered as being sufficiently 
correct. 

Finally then, it is permissable to suggest the use of the coefficient 
of correlation from ranks when (a) with the actual values of the 
variates at hand, it will give, with greater ease and speed, all the 
information desired, and when (b) with the actual values of the 
variates missing, perhaps unattainable, it will give enough infor- 
mation to be decidedly helpful. 
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Comparative Earliness and Productiveness of First and 
Second Generation Summer Squash (Cucurbita Pepo) 
and the Possibilities of Using the Second Genera- 
tion Seed for Commercial Planting 

By Lawrence C. Curtis, Connecticut Agricultural Experiment 
Station, New Haven, Conn. 

I N 1939 the author (1) reported on the expression of heterosis in the 
first generation hybrid between two lines of summer squash and the 
possibilities of producing the first generation hybrid seed for com- 
mercial planting. The results presented in this paper are derived from 
the continuation of that study. 

In 1940 the two parents, the first and second generation hybrid and 
a commercial variety, were planted in a picking trial arranged in a 
S by 5 Latin square. Each block consisted of 60 plants, three rows of 
20 plants each, spaced 6 by 2 feet. One planting was made at Mount 
Carmel, Connecticut, on June 8, and another at Windsor, Connecticut, 
on July 5. The first picking was made at Mount Carmel on July 23 and 
at Windsor on August 20. Pickings were continued at two day inter- 
vals for the duration of the season. Individual plant records were kept 
on numbers of fruit produced and at Mount Cannel weight per fruit 
per plant was recorded from the beginning of the season to August 1 1. 

The pickings up to and including July 27 were arbitrarily classified 
as early Wt at Mount Cannel and at Windsor, August 29 was chosen 
as the limiting date. The data were analyzed by the analysis of variance 
method as described by Yates (2). In this case Giant Summer 
Straightneck was not included in the analysis. 

According to Table I there is no significant difference between the 
Fi and F 2 either in early or total fruit except for early fruit at Wind- 
sor. This difference has a P value between the .01 and .05 point. The 
early production of fruit on the Fa at Windsor is however significantly 
higher than Early Prolific Straightneck, the earliest and most produc- 
tive commercial variety available. The question is asked then, why can- 
not the second generation be used for commercial planting? 

Such a suggestion is contrary to the practice with com which is at 
present the only crop of whicli hybrid seed is produced and sold on a 


TABLE I— Yield op Squash at Mount Carmel and Windsor, 
Connecticut ( 1940 ) 


Variety 

Early Fruit 

Total Fruit 

Mt. Cannel 

Windsor 

Mt. Carmel 

Windsor 

Early Prolific Straightneck (P) 
Connecticut Inbred (CIO) 

240«' 

190** 

405 

417 

0 

164** 

234** 

483 

367t 

6 

3116 

2162** 

2921 

2898 

1934 

2384 

1716** 

2514 

2243 

1582 

CIOXP p. 

^10XP)a P».. 

Giant Summer Straightneck* 


♦Not included in the analysis of variance. 
♦♦SignHcantly different from Pt at .01 point. 
•fSignificantly different from Pi at .05 point. 
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commercial basis. With this crop the total yield of the second genera- 
tion is reduced and extremely variable. 

With this particular hybrid squash, however, neither the total yield 
nor the earliness of yield is materially reduced in the second generation 
and as to variability, summer squash is usually harvested in an im- 
mature stage so that the size and, to a lesser degree, the shape of the 
fruit is determined by the time of picking. 

The advantage of the second generation over the first is in the cost 
of the production of seed. When the expense of emasculating female 
rows in a crossing plot and the care that accompanies the production 
of first generation seed can both be eliminated, then this advantage 
assumes commercial importance. 

From these results it is apparent that the possibility of using second 
generation seed with other vegetables is worthy of consideration. Here- 
tofore the expense and the technical difficulties of producing first 
generation seed for commercial plantings have been prohibitive for 
most vegetable crops. 

A logical argument against the use of second generation seed may 
be based on the fact that the maximum amount of segregation occurs 
in this generation. It must be remembered, however, that hybrids which 
have demonstrated heterosis have been derived in most cases from 
parents which are extreme in color, shape and size of fruit as well as 
growth factors. When these extreme parental types together with their 
various combinations reappear in the second generation, the resulting 
crop is naturally too variable to be sold. 

If hybrids can be produced by crossing inbreds or varieties which 
are similar both in plant type and in color, shape and size of fruit but 
sufficiently different in growth factors to produce heterosis, then the 
extreme variations which normally appear in the second generation 
may be reduced. We should look for inbreds which produce better 
second, rather than first generation hybrids. 

Possibly the use of second generation seed may be limited to those 
crops having an indeterminate growth in which the fruit is harvested 
in an immature state such as cucumbers and peppers or is graded as 
mature fruit such as tomatoes. 

According to Table II there is another advantage of the second over 
the first generation. It will be seen that 2.4 per cent of the plants of the 
second generation produced female blossoms two days before the first 
female bloswsom opened on the first generation. It appears that there 

TABLE II — Number of Squash Plants Producing Their First Female 
Blossoms from July 13 to 22 , 1940 , at Mount Carmel 


P 

CIO 

lOXP.... 

aOXP)a. 


10 XP, 


lOXPa... 



0 1 8 IS 22 43 8 13 138 2 250 

7 I 1 I 9 I 31 I 21 I 31 I 10 I 21 1128 i 5 I 264 

Accumulated Percentages of Plants Showing First Open 
Female Blossom on {xo XF)Ft and (jto XP)tf P* 

— I .35 13,16 1 8,4 lie. (31.1 133.9 138.6 186.7|87.4 I 
2.4 2.7 6.8 16.4 23.6 34.2 37.6 44.8 88.7 90.4 1 


No. of 

Per 

Plants 

Cent 

284 

71.6 

261 

63.6 

286 

87,4 

292 

90.4 
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is in the second generation segregation for earliness. This spread in 
variability instead of being a disadvantage may be particularly valuable 
where special qualities such as earliness may be accentuated. 

Segregation for earliness is also an advantage to the market gardener 
who would prefer to have the plants come gradually into bearing 
rather than to have them all begin to bear on the same day. 
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The Value of Native Material in Breeding 
Horticultural Crops for Alabama^ 

By C. L. Isbell, Alabama AgriculHiral Experiment Station, 
Auburn, Ala. 

I T IS known that some seedling apple, pear, and various nut trees in 
Alabama produce large crops of good quality with very little atten- 
tion, and many Alabama farmers depend entirely on these seedlings 
for their supply of fruits and nuts. The Alabama Experiment Station 
is collecting and testing the most desirable of these seedlings for use 
in establishing varieties better adapted to Alabama conditions. 

Fruits 

An example of the value of native material is shown by the results 
obtained from a variety trial with grapes at Auburn. Three vines each 
of 5(1 standard varieties of bunch grapes, some of which are of wild 
parentage and one to two vines each of six different selections of wild 
grapes from North Alabama were planted in 1919. Two to three vines 
of the varieties having wild parentage, namely, Champanel, Herbe- 
mont, Lukfata, Manito, Sabinal, and Salamander are alive and appear 
able to produce good yields for many more years. Plants of other 
named varieties have all died. The wild plants are all alive and fruiting 
well. Some of these native plants when grown in North Alabama 
retain the fruit in edible condition until after Christmas. Grapes har- 
vested December 12, 1938, from one of the wild vines at Auburn 
illustrate this characteristic (Fig. lA). The individual grapes were 
shriveled or dried like raisins and some had shattered ; slightly more 
than 85 per cent of the berries remaining on the bunches were sound 
and edible. These wild grapes should be used to develop varieties that 
would extend the fresh-grape season. 

Highbush and lowbush blueberries, often referred to as huckle- 
berries, grow wild in Alabama. In the communities where available in 
quantity, they are used for home consumption and are of some value 
commercially. Studies started in 1925 with plants of the highbush type 
selected from the swamps, and more recently with plants of the low- 
bush type collected from the upland sections of eastern Alabama show 
that each of these types differs widely in size, color and fruitfulness 
and that the berries produced by different plants vary much in date of 
maturity, size and quality. The most promising plants are being propa- 
gated and studied to determine their value in breeding better varieties. 

Plantings of standard varieties of sour cherries at Auburn have been 
complete failures. Most of the sour cherries grown in North Alabama 
and all of those grown in middle Alabama are unnamed strains that 
have developed as sprouts on lateral roots of parent plants. There are 
a few of these native cherry trees in the vicinity of Auburn that have 
been fruiting 35 to 45 years without any special care (Fig. IB). 

^Native material as referred to in this paper includes indigenous plants and 
named and unnamed varieties or strains that have been grown long enough in the 
South to establish the fact that they are well adapted to southern conditions. 
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Fig. 1. A, Native grapes with more than 85 per cent of the remaining berries 
sound when harvested December 12, 1938, B, The native cherry tree shown 
on the right is about 50 years old. It has been fruiting in Auburn, Alabama, 
for more than 45 years. Young trees to the left and in the foreground are 
volunteer plants from lateral roots of the parent. They fruit well like the 
parent. C, Semi-vining wax podded snap beans. D, Mature plant of semi- 
vining green podded snap bean. 


Sprouts from these plants are being used to determine whether desir- 
able varieties may be developed. 


Nuts 

Yield records ^d nuts obtained from seedling pecan trees through- 
out the state indicate that there are seedlings that produce more nuts 
of better quality than some of the named varieties now growing in 
Alabam. These seedlings are being collected, propagated and tested. 
• u ^ walnuts are of considerable importance for home use 
m Alabama and many farmers grow one or more seedling walnut trees 
re^rdless of their fruitfulness or the quality of the nuts they produce. 
A few trees of some of the varieties that originated farther north are 
fruiting m Alabama. To detemine the quality of nuts produced by 
^edlmg trees as compared with standard variety and to locate the 
best seedlings for use in developing better varieties for Alabama, nuts 
were collated in 1934 and 1935 from 18 seedling black walnut trees 
Rowing m vanous sections of Alabama and from a named variety, 
Thomas growing m east Alabama. Results obtained from cracking 
and shelling these nuts showed a wide variation in the quality of the 
nuts produced by the different trees. 
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The weight of 100 hulled and dried nuts ranged from a minimum of 
2.93 to a maximum of 7.16 pounds. The number of whole quarters 
obtained from 100 nuts ranged from 20 to 360. The weight of the 
kernels obtained from 100 nuts ranged from 0.45 to 1.53 pounds and 
the per cent of the kernels based on the weight of the hulled nuts 
ranged from 12,5 to 24.7. Nuts from five of the seedlings were larger 
than the nuts of the Thomas variety. Nuts from five of the seedlings 
shelled out more quarters per nut than the Thomas and four of the 
seedlings produced a greater kernel weight per hundred nuts than 
Thomas. Eight of the seedlings yielded a greater percentage of kernel 
based on the weight of hulled nuts than that produced by the Thomas. 
Buds from one of the seedlings were placed about 6 inches from the 
ground in a seedling black walnut stock lj4 inches in diameter in 
mid-summer of 1936. The budded tree produced 17 nuts in 1938 and 
has borne nuts each year since. 

These results show that there is a wide variation in the relative value 
of existing seedling black walnuts in Alabama and that there are seed- 
ling black walnuts in Alabama that compare favorably with one of the 
best named varieties developed elsewhere, indicating the possibility 
of the development of southern varieties from native material. 

Vegetables 

Most varieties of vegetables have been developed for sections other 
than the South. Such varieties are generally not capable of producing 
good yields of vegetables of high quality under weather conditions 
which occur in the South. Furthermore, they do not possess enough 
immunity, resistance or tolerance to important insects, diseases, and 
other pests so common in the section. Therefore, necessity has encour- 
aged a few farmers to save vegetable seed from varieties that have done 
best and gradually over the years certain strains have become well 
adapted by the survival of those most hardy to southern conditions. 
There are a considerable number of strains of vegetables in Alabama 
that have proved to be adapted to southern conditions and the Experi- 
ment Station is collecting and using them as foundation stock for 
developing varieties. 

The Alabama Experiment Station has already made an important 
contribution in this field, Pole snap beans of good^ quality, that are 
resistant to root knot caused by nematodes and fruit well during the 
dry weather of summer and early fall have been introduced. Other 
strains of pole snap beans well adapted to certain sections of the state 
are being tested and improved. One white-seeded strain appears 
promising as a green snap bean and as a dry shell bean for boiling 
or baking. 

Semi-vining strains of both wax and green podded snap beans have 
been collected and tested (Figs. 1C and ID). Most of these strains 
are rather susceptible to mosaic, but they yield veiy well. They may 
be used as a substitute for pole varieties by those who consider the 
labor of staking important enough to accept a, bean of somewhat less 
quality that does not require staking. Strains of semi-vining habit are 
available with white seed and with various other seed colors. The 
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Fig. 2. A, A winter hardy American type of onion. Selected in North Ala- 
bama; grown and stored under similar conditions as B, Yellow Bermuda. 
Photo December 1, 1938, C, A winter hardy onion that will supply green 
onions for 8 months of the year and that stores well. Selected in Central 
Alabama. D, I^cal strain of turnip collected in North Alabama that de- 
velops well below the surface of the ground where it is well protected 
against freezes. 

white-seeded strain is popular with some growers because it may be 
used for snap beans or for dry or baked beans. 

Three strains of onions that withstand low temperature and store 
very well have been collected. Two of these are considered of value 
as dry onions for general use. One of these strains is shown (Fig. 2A) 
contrasted with Yellow Bermuda (Fig. 2B). Succession plantings of 
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the other, a nuiltiplier type, will supply green onions for about 8 
months of the year. It will also supply small onions that may be dried 
and stored in common storage for 8 to 10 months for flavoring pur- 
poses (Fig. 2C). 

Observations at Aulnirn show that the table varieties of cowpeas 
vary greatly in their susceptiliility to root troubles and that the extent 
and the nature of tlie development of the root system also varies 
greatly. I'hese differences determine the ability of a variety to succeed 
in a given locality. For exani])le, the Conch and the Purple Hull 
(white-seeded) varieties and a local strain have deep penetrating root 
systems that are not seriously injured by nematodes and root diseases. 
These usually live and fruit over a longer season than the California 
Black Eye which has a very limited root system. Under favorable soil 
conditions, most of the Crowder varieties produce a well developed 
root system cat)al)le of supporting the plants over a long season, but 
heavy nematode infe.station injures the root system to the extent that 
many of the plants die before they attain fruiting age. A selected strain 
of the Lady variety produces peas almost twice as large as those 
commonly ]n*ocluce(l by this variety. The new strain is so susceptible 
to nematodes and southern blight (Sderotiuin rolfsii) that very few 
plants reach the fruiting stage. This shows that it is useless to intro- 
<iuce a new variety of table cowpea for general use in Alabama, regard- 
less of the quality of the pea, unless the variety has a satisfactory root 
system for the locality in which it is to be grown. 

' A reseeding, bronze, loose leaf, butter type of lettuce which has been 
selected is showing much promise as a winter-hardy lettuce. This 
strain should be of considerable value to home gardens in Alabama, 
as standard varieties of lettuce reqtiire some winter protection, and 
most farmers do not attempt to pi*otect lettuce during the winter. 

As catalogued varieties of fall planted turnips in the northern part of 
Alabama are not winter hardy, a variety that would develop an edible 
root well below the surface of the ground where it would not be ruined 
by freezing and a top liardy to freezes would be a valuable addition 
to the home su|)|)ly of vegetables during the winter months, Strains 
have lieen collected in two communities in North Alaliama that have 
done well in these resi()ecls for many years (Fig. 2D). These are being 
tested and apj>ear to have promise. 

Most sections of Alaliama grow good local strains of red-fleshed 
watermelons, some of wludi date back as far as 1865. In addition to 
these red-fleshed selections, several types of orange-fleshed varieties 
have been collected and grown at Auburn. Each of the orange-fleshed 
selections is of much better quality than any catalogued variety of 
orange-fleshed watermelon that has been tested at the Experiment 
Station, 

Summary 

Native liorticultural plant materials consisting of fruits, nuts, and 
vegetables are being collected from various parts of Alabama and 
tested to determine their merits in their present form and also tested 
to determine their possible use in developing better varieties of horti- 
cultural crops for Alabama. 
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The quantity of plant materials located and collected as the result 
of a limited scouting program is proof that there is an abundance of 
such material available. 

The relative merits of samples collected differed greatly. Some 
strains were found to be so poor in quality, yield, or general adaptation 
that they are of little value in their present form and do not appear 
to be promising sources of plant breeding material. Other strains were 
found to be valuable in their present form because of quality, yield, and 
general adaptation. 

The results obtained by the use of the best native material show 
that such strains often possess more desirable qualities for a given 
locality than do named varieties. The best native material was found 
to be valuable in developing better varieties for Alabama conditions. 



Corn Earwonn Resistance and Plant Characters^ 

By Charles F. Poole, U. S. Department oj Agriculture, 
Charleston, S. C. 

N umerous studies of the reaction to corn earwonn, Heliothis 
apnigera of commercial sweet corns and southern field 

varieties have established statistically significant differences between 
varieties. Variety tests made in such widely separated regions as Davis, 
California (4), Winterhaven, Texas (2, 3), and Charleston, South 
Carolina (5) show that the more resistant field corns and susceptiMe 
sweet corns exhibit the same order of response over a wide territory 
and from year to year. Backcross populations of Fi hybrids to both 
kinds of parents showed pronounced differences in resistance to worm 
damage (4). ^ 

The more resistant varieties mature later than the more susceptible 
ones, but variance analysis .showed that different time of maturity had 
no effect on the order of earworm resistance in five varieties possessing 
extreme ranges in resistance (4). 

In 1917 Collins and Kempton (1) studied earworm resistance 
among the progeny of a series of crosses between dent and sweet varie- 
ties. Statistical treatment for inter and intra progeny measurements 
indicated that the increased resistance of the hybrids was probably 
due to characters not measured, but correlated with husk extension 
beyond the eartip. They suggested the presence of some volatile 
substances distasteful to the moth or larva, but too elusive for 
measurement. 

The search for morphological characters associated with earworm 
resistance is important because the breeder could self-pollinate a plant 
possessing those characters and readily establish a highly resistant 
inbred line. Lacking such a character it is necessary to select protected 
self-pollinated ears of unknown type from lines whose unprotected 
open-pollinated ears indicate promise of resistance. The method will 
eventually produce homozygous inbred lines, but the degree of ear- 
worm resistance obtained depends on the chance inclusion of as many 
as possible of the genes for resistance that were present before selection 
be^n. 

Materials anu Methods 

V. 

Study of the causes of earworm resistance was made from measure- 
ments taken at Davis, California, in the summers of 1934 and 1935. 
Quantitative estimation of earworm resistance was made by a resist- 
ance index reached by classifying ears on a five point scale: 5, no 
damage; 4, damage in silks only; 3, in tips only; 2, slightly beyond 
the tip; 1, unmarketable. In 1934 simple correlation coefficients were 
computed from data on 34 varieties, involving the five variables : 
resistance index, extension of the husk, ear len^, days to first silk- 
ing, and plant height. In 1935 a more thorougn study of the factors 
influencing insect damage was made from two four-replicate random- 

^Contribution No. 6 from U. S. Vegetable Breeding Laboratory, Cfaarlest<Hi, 
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ized block experiments with 12 varieties and 17 hybrids between 
commercial varieties. On this occasion the foregoing five variables 
were increased to seven by the addition of ear weight and number of 
husks, and correlation was calculated by the covariance method of 
Snedecor (6) applied to all 21 combinations shown as from total, 
between-variety, and within-variety sources. 

Morphological Characters and Earworm Resistance 

Measurements taken on 34 varieties of sweet and field corn grown 
in 1934, and on 12 varieties and 17 hybrids between sweet and starchy 
varieties grown in 1935, were analyzed for possible relationships be- 
tween earworm resistance and several morphological characters. Intra- 
variety correlation coefficients were computed for each variety for 
earworm resistance vs. husk extension, for earworm resistance vs. ear 
length, and for earworm resistance vs. number of husks, and the cor- 
relation between husk extension and number of husks was determined. 
For earworm resistance vs. husk extension only six varieties exhibited 
a coefficient which was significant at the S-per cent point, and in tlirce 
of these the same variety failed to show significance in both the years 
represented. In the case of earworm resistance vs. ear length only two 
varieties exhibited significant coefficients at the 5 per cent level, and 
one was negative whereas the other was positive. No varieties indicated 
significant intravarietal correlations for either number of husks with 
earworm resistance, or number of husks with length of husk extension. 

Zero order correlation coefficients were computed in the 10 possible 
between-variety combinations for the following variables : earworm 
resistance, husk extension, ear length, time elapsed from planting to 
silking, and plant height. These data indicated that between varieties 
earworm resistance is significantly correlated with all the characters 
except husk extension, that husk extension fails to be correlated with 
any of the others, and that all the others are correlated inter sc. 

In order to learn if a possible correlation between earworm resist- 
ance and husk extension was masked by the simultaneous interaction 
of the independent variables ear length, days to first silk, and plant 


TA:^E I— Intervariety Coefficients of Partial Correlation Between 
Kesistance Index and Husk Extension Independent of Ear 
Length, Days to First Silk, and Plant Height 


Zero-Order Partial 
Correlations 

Independent Variables 

Ear Length C 

Days to First Silk D 

Plant Height E 

Resistance index and husk 
extension AB 

0.25 

0.07 

0.21 

First-order partial correla- 
tions 

Ear length and days 
to first silk CD 

Ear length and plant 
height CE 

Days to first silk and 
plant height DE 

Resistance index and husk 
extension AB 

0.14 

0.21 

0.20 

Second-order partial corre- 
lations 

Ear length, days to first silk, and plant height 

:CDE 

Resistance index and husk 
extension AB 

! ^ 

0.22 
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height, first and second order partial correlation coefficients were 
calculated. Table I shows that under conditions where 0.3S is required 
for significance at the 5 per cent level no coefficient above 0.25 was 
obtained regardless of the number of independent variables. 

Analysis of 1935 Data 

The four variables studied in 1934 for possible correlation with ear- 
worm resistance were increased in 1935 to six by the addition of 
number of husks per ear and weight of ears. Correlation between varie- 
ties, as well as that within varieties, is calculated by covariance analy- 
sis. For this purpose we have data for 21 combinations between seven 
variables for data measured from two 1935 experiments, the first con- 
taining 12 varieties, and the second containing 17 variety hybrids, each 
experiment appearing in four replicates. 

The correlation coefficients for the 12 varieties are shown in Table 
II and those for the 17 variety hybrids are shown in Table III. Co- 
efficients for between-variety and total sources are found in the cells of 
the upper right triangular part of, each table, and the coefficients for 
within-variety sources in the lower left triangle. 

Table II shows lliat for the 12 varieties the only significant co- 
efficients for earworm resistance vs. each of the other variables occurs 
for between-variety sources and for total sources (including between- 
variety sources) but never for within-variety sources. Significant co- 
efficients are obtained for the variables: elapsed time to tasseling, 
height, and number of husks; but not for ear length. In Table III 

TABLE II — Correlation Coefficients from 21 Combinations Obtained 
BY Covariance Analysis for Seven Variables in Twelve Varieties, 

1935 (Total and Between-Variety Source Coefficients, Upper 
Right Triangle; Within-Variety Source Co- 
efficients, Lower Left Triangle) 


Characters Compared 

Resist- 

ance 

Index 

Exten- 

sion 

of Husk 

Elapsed 
Time to 
Tassel 

Plant 

Height 

Ear 

Weight 

Bar 

Length 

No. of 
Husks 

Resistance index 


0.189 

.190 

0.670t 

.603 

0.631+ 

.7921 

-0.236 
- .299 

0.088 

.123 

0.623+ 

.737t 

Extension of husk 

0.187 


.266 

.342 

.029 

.036 

- .214 

- ,238 

-.281 

-.232 

.088 

.123 

Elapsed time to tassel 

-.136 

-.228 
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mm 

Plant height 

-.198 

-.001 

.400* 


.025 

.070 

.427+ 

.410 

.629+ 

.662* 

Ear weight 

0 

-.134 

-.020 

.019 


.499* 

.476 

.044 

.047 

Ear length 

-.072 

- .639t 

.195 

.66dt 

.665t 


.100 

0.100 

No. of husks 

0.095 

-0.160 

0.486t 

0.136 

0.016 

0.100 



Significance levels: 5 Per Cent 1 Per Cent 


Total sources 0.288 0.372 

Between varieties .576 .708 

Within varieties 0,325 0.418 


’•‘Significant coefiicients at 5 per cent level. 
fSignificant coefficients at 1 per cent level. 
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TABLE III— Correlation Coefficients from 21 Combinations Obtained by 
Covariance Analysis for Seven Variables in Seventeen Fi Hybrids 
Between Commercial Varieties, 1935 (Total and Between- 
Hybrid Coefficients, Upper Right Triangle; Within- 
Hybrid Coefficients, Lower Left Triangle) 


Characters Compared 

Resist- 

ance 

Index 

Exten- 

sion 

of Husk 

Elapsed 
Time to 
Tassel 

Plant 

Height 

Ear 

Weight 

Ear 

Length 

No. of 
Husks 

-- — — 

Resistance index 


0.141 

.113 

0.115 

.160 

-0.0.50 
- .075 

0.03,5 

.037 

0.212 

.359 

0.061 

.101 

Extension of husk 

0.208 


.060 

.082 

.007 

.024 

-.332 t 

-.340 

-.369 t 

-.346 

.113 

.182 

Elapsed time to tassel 

.051 

.030 


.651 t 

.775 t 

.091 

.121 

.193 

.278 

.492 t 

.602* 

Plant height 

-.013 

.080 

.061 


.117 

.131 

.082 
.085 1 

.690 t 

.665 t 

Ear weight 

-.134 

-.307* 

-.081 

.063 


.767 t 

.786 t 

-.054 

-.123 

Ear length 

.011 

-.328* 1 

-.216 i 

-.036 

.715 t 

j 

-.033 

-.160 

Number of husks 

0.011 

0.204 

-0.038 

0.056 

0.258 

0.674 t 



Significant levels: 5 Per Cent 1 Per Cent 


Total sources 0.232 0.302 

Between varieties .482 .606 

Within varieties 0.273 0.354 


♦Significant coefficients at 6 per cent level. 
fSignificant coefficients at 1 per cent level. 

there are no significant correlation coefficients from any sources of 
variance when resistance index is compared with the remaining six 
variables. Other coefficients are not pertinent to our present problem 
and may be omitted from consideration. 

Discussion 

No evidence presented here tends to support the widely held belief 
that a long husk extension or a heavy husk covering confers high 
degrees of earworm resistance. The lack of correlation of any of the 
six morphological characters with earworm resistance, first obtained 
by crude methods in the 1934 study, is verified and extended with the 
more refined methods used with the data of 1935. Some question on the 
validity of inferring significant degrees of correlation arises when 
only 10 or IS degrees of freedom between varieties are available, 
because significance at the S per cent point is only implied when the 
calculated coefficients exceed .6 and .5 respectively. This question does 
not arise in the prpent instance, however, since none of the calculated 
coefficients involving earworm resistance within varieties exceeds .3 
and no significance is even suspected. 

The analysis of variance and covariance shows that the tests them- 
selves are statistically significant, and that no correlation co^- 
cients involving earworm resistance are significant within-varieties or 
between- and within-hybidds. In interpreting these data it is assumed 
that the only significant correlations which , would have a real bearing 
on this problem would be those within-varieties and within-hybrid 
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progenies. The statistically significant correlation coefficients from 
hetween-variety sources probably resulted from the fact that the major- 
ity of the varieties used ^ for introducing earworm resistant genes 
possessed those combinations by chance. 

Practically all the i*esistant varieties of corn tested in 1934 and 1935 
are southern dent varieties, or varieties developed by cross pollination 
between northern sweet corns and southern dent corns. The latter 
varieties are tall, many husked, comparatively late-maturing descend- 
ants of types adapted through continued cultivation from pre-Colum- 
bian times in regions where the corn earworm thrives in all seasons. 
In the course of time this combination of characteristics has come to 
l)e a regular feature of all or most subtropical or tropical corns. Prob- 
ably the association is one of coincidence rather than genetic relation- 
ship. 

On the other hand, the sweet corns of the north were developed quite 
recently in regions where the corn earwonn is seldom a factor in corn 
cultivation, and where early maturity is necessary. Consequently we 
have an association of earliness, shortness, and either susceptibility 
or resistance to the corn earworm. The inclusion in one test of varie- 
ties most of which are of southern origin gives the unjustified impres- 
sion in some cases of significant correlation between those quantitative 
characters and earworm resistance. When we eliminate the between- 
variety variance, however, the true nature of that relationship is 
uncovered. 

Study of intravariety correlation between length of husk extension 
and resistance index for 1934 showed that six out of 34 varieties had 
significant coefficients. In 1935 two of these six varieties failed to 
show intravariety significance, and the one variety out of 12 which in 
1935 showed intervariety significance was non-significant in 1934. 

The studies indicate that no morphological character yet measured 
is signicantly correlated with earworm resistance. A likely field for 
investigating the factors conferring resistance is biochemical search 
for volatile compounds. 
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A Colchicine-Induced Homozygous Tomato Obtained 
Through Doubling Clonal Haploids^ 

By Eart. H. Newcomer, Michigan State College, 

East Lansing, Mich. 

I N THE several years vvhicli have elapsed since tlus introduction of 
colchicine, there have been numerous reports of its successful use 
in the induction of polyploidy in plants. The literature on the subject 
has just recently been reviewed by Dermen (1). 

It is too soon, perhaps, to attempt to evaluate the significance of the 
colchicine technic, since time has only permitted the publication of 
reports of its successful use on the shorter cycled plants. As new 
technics are developed for its use on a wider range of plants, especially 
the woody types, its present value as an aid to the plant breeder may 
be demonstrated to have been only a potential one. 

Horticulturally, the most promising of the colchicine-induced tetra- 
ploids produced to date appear to be the marigolds and snapdragons 
of Ruttle and Nebel (5), the lilies of Emsweller and Brierley (2), and 
the white cosmos produced here (4). 

In addition to the production of desirable phenotypic characters 
through polyploidy, colchicine may also prove useful in the securing 
of genetic homozygosity in a single generation where hai)loid plants 
are available, thus eliminating the time and effort usually required by 
generations of inbreeding. 

Materials anu Methods 

In this study, cuttings from five tomato plants (var. Supreme Mar- 
globe) were selected from the field of the Ferry Morse Seed Company 
as being possible haploids on the basis of dwarfness, short internodal 
length, smaller leaves and flowers. Subsequent cytological examination 
proved that two of them were haploid (Fig. 1, A, B, C) and that the 
remaining three were 'Vogues’’ with a diploid chromosome comple- 
ment. The two haploid plants were rooted and 18 more plants propa- 
gated from them by cuttings, and subsequently all but two were treated 
with colchicine. The technic used was the one originated by Warmke 
and Blakeslee (6), which is superior to the usual aqueous solutions or 
lanolin mixtures. The formula for the emulsion is as follows : 

Stearic acid 3.00 grams 

Morpholine 1.06 cubic centimeters 

Tap water 40.00 cubic centimeters 

Lanolin 16.00 grams 

Add water to stearic acid and morpholine and heat mixture until 
stearic acid is melted. Stir to a creamy soap solution. Add lanolin and 
continue heating until the lanolin is melted and the mixture is just 
below the boiling point. Stir to an emulsion and continue stirring 
intermittently until the emulsion is cooled to room temperature. 

The em ulsion must be diluted for spraying. Dilute by adding four 

^Journal Article No, 497, N. S., of the Michigan State College Experiment 
Station. 
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parts of water to one of enuilsion. The colchicine is then added to the 
desired concentration. This emulsion is very stable if kept in a cool 
place. 

OBwSERVATIONS 


The usual concentrations of colchicine vary between 0.1 and 0.8 per 
cent. A 0.4 per cent solution was effective on the tomato, and two of 
the 18 treated plants successfully responded to produce homozygous 
haploid gametes and normal fruit. All the plants treated became 
hypertrophied, producing thickened, misshapen leaves and stem tissue, 
but in only tw ’’0 instances were more than the peripheral tissues af- 
fected. The plants, after alternate daily treatment with colchicine 
pipetted or sprayed on the growing shoot tips until the cessation of 
growth and the beginning of hypertrophy, were transplanted to the 
field for maturation. With the appearance of flower buds, cytological 
examination of the chromosomes was made and two of the plants 
proved to l)c diploid (Fig. 1, 13). Frost arrived before most of the fruit 
was mature, but enough ripe fruit was collected for seed. Further stud- 
ies on tlic progeny of this homozygous line will be made to determine 
whether it has any practical advantages such as greater uniformity 
of fruit or other characters. 

The cytology of the haploid tomato has been described by Lindstrom 
(3), and nothing new was observed here to add to his account. There 
is frequently a congression of the univalent chromosomes on the equa- 
tor at the first metaphase (Fig. 1, B) followed shortly by an erratic and 
often rather aimless separation (Fig. 1, C) with frequent laggards. 
Only abortive gametes were ever observed. 

The chromos(.)me behavior of the derivative diploid plants appeared 
to be normal in every 

respect (Fig. 1, D). r 


wSUMMARY 

Of five plants selected 
in the field as haploids on 
the basis of phenotypic 
characteristics, two were 
haploid and three were 
diploid *Togues^'. The 
two haploids were multi- 
plied by cuttings and 18 
of them were treated with 
a 0.4 per cent colchicine 
emulsion. All treated 
plants became hypertro- 
phied, but in only two 
was the response more 
than superficial. These 
two plants, by cytological 
observation, proved to be 
diploid and produced a 



Fig. 1. A, B, C, The twelve univalent chro- 
mosomes of the haploid tomato at dia- 
kinesis, metaphase and telophase respec- 
tively. D, The twelve bivalent chromo- 
somes of the colchicine — induced diploid 
tomato. 
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crop of normal fruit. No new observations were made on the cytology 
of the haploid. 
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Fertilizer Placement with Respect to Location ami Time 
in the Production of Cauliflower on Long Island ‘ 

By W. C. Jacob and R. H. White-Stevens, Cornell University, 
Ithaea, N. V. 

Abstract 

This material will be incorporated in a publication from Cornell University. 

T he results of 3 years^ study, using factorial experiments, of the 
placement of fertilizer for cauliflower on Long Island showed that 
for Long Island conditions broadcasting the large quantities usually 
used will give superior yields to band placement of these amounts. 
If a benefit is derived from band placement, the amount of fertilizer 
being applied is probably too small and larger yields would be olitained 
by broadcasting larger quantities of material. Side dressing with nitrate 
of soda is beneficial even when as much as a ton of 4~S-6 analysis 
fertilizer is applied. 

^Conducted in cooperation with the United States Department of Agriculture, 
Bureau of Agricultural Engineering, Washington, D. C. The. authors wish to 
express their appreciation to the members of this staff for the use of their 
machinery and their kind supervision in its operation. 



The Relation of Yield of Staminate and Pistillate 
Asparagus Plants to the Rate of Growth of 
Progenies in the Young Staged 

By A* r.. KicifARDSON, North Central Experiment Station, Grand 
]\apich\ Minn., and T. M. Currence, University 
of Minnesota, St. Paul, Minn. 

I N THE improvement of a dioecious crop such as asparagus there 
are a number of problems which are not generally found in plant 
breeding. Wliether or not parental vigor is transmitted to progenies 
has not been reported in the literature. Likewise, there is no infor- 
mation as to the relative importance of pistillate and staminate parents 
on progenies. Work l)y Currence and Richardson (1), although not 
extensive, suggests tliat the progeny test would be most effective in 
identifying exceptional parental material. In an effort to simplify and 
hasten the procedure in making such tests, records have been taken 
(.)n the early development of several strains resulting from different 
combinations of three female and six male t^lants. 

In relation to asparagus breeding such a test of young material 
would be very useful if future results indicate a definite relation be- 
tween the rate of growth of seedlings and their later production under 
field conditions. 

Materials and Methods 

Parent plants were selected on the basis of their vigor or lack of 
vigor as indicated by 3-year records on weight, yield, number of 
spears per plant, and average weight of individual spears. Seeds of 
18 combinations of three female and six male plants were obtained, 
and SO of each were planted individually in inch pots which were 
arranged in two series. Dates of germination were recorded daily, 
thereby giving records on the number of days between planting and 
germination for each individual. Two and one-half months after seed- 
ing, the plants were carefully removed from the pots, washed and 
weighed. Tliey were then repotted in 4-inch pots. Four months later, 
they were again weighed. 

Comparison of Pistillate and Staminate Parents 
The annual means of tlie measurements of the pistillate parents are 


TABLE I— The Number of Spears, Yield, and Size of Spears Produced 
Annually by Asparagus Plants Used as Pistillate Parents 


Plant No* 

No. Spears 
Produced 
Annually 
(3 Years) 

Annual Yield 

3 Years 
(Ounces) 

Mean Size 
Spears Produced 
3 Years 
(Ounces) 


21.0 


0.52 

6-10 

13.3 


0.61 

5-21 

19.0 


0.48 


F not significant in any instance. 


Taper No. 1881 of the Scientific Journal Series of the Minnesota Agricultural 
Experiment Station. 
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TABLE II — The Number of Spears, Yteld, and Size ok Spears Prooucki) 
Annually by Asparagus Plants Used as Stawinate Parents 


Plant No. 

No. SpcarK 
Produced 
Annually 
(3 Years) 

Annual Yield 

3 Years 
(Ounct’ti) 

Mean Size 
Spciur.s Produced 

3 Years 
(Ouncc.s) 

2-12 

21.7 

18.0 

0.05 

3-9 

20.3 

ir».3 

0.78 

3-16 

20.0 

10,2 

0.72 

4-17 

27.3 

10.0 

0.58 

6-2 

32.7 

17.1 

0.56 

5-32 

3.7 

2.0 

0.46 





Sig. Diff 

H. Sig. Diff 

18.1 

28.4 

10.2 

16.0 

0.42 

0.66 


presented in Table I and of the staminate parents in Table 11. Analysis 
of variance suggest no differences between j^istillate but significant 
differences between staminate parents. 

Plant 5-32 was significantly inferior to plants 5-2, 4-17 and 3-16 
in number of spears produced, and the difference between 5-32 and 
2-12 approached significance. There were no significant differences 

TABLE III — Analysis ok Variance for Mean Days from Sekdinc; to 
Emergence of the Progenies of Three Pisth.late and 
Six Staminate Asparagus Plants 
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TABLE V— Analysts op Variance for Weights of the 2 ^/^ Month Old 
Progenies from the 18 Combinations of Three Pistillate and 
Six Staminate Asparagus Plants 


Variation Due to: 

D/F 

Sum of 
Squares 

Mean 

Square 

S.E. 

P 


1 

5 

2 

10 

17 

O.OOlO 

0.0110 

0,0123 

0,0438 

0,0233 

0.0016 

0.0022 

0.0061 

0.0044 

0.0014 



.‘'JfaiTii'nfif.n . . 


1.571 

4.357* 

3.144* 

Pistillate' I - -I 


vStaminate X Pistillate 

Error 

0.0374 



Total 

35 

0.0920 





*Exceeds 5 per cent point. 


Comparison of the Progenies 


Data involving days from seeding to emergence are shown in Table 
III and indicate high significance for the interaction between staminate 
and pistillate parents. By calculating the standard error for the differ- 
ence between means of crosses and multiplying by the t value (2) for 
17 D./F, (2.110 and 2.898) a significant difference between means 
of crosses was calculated as 3,38 days, and a highly significant differ- 
ence as 4.64 days. Similarly, by calculating the standard error for the 
difference between means of the progenies of the staminate parents 
and multiplying by the t values for 17 D./F., a significant difference 
lietwcen means of the progenies of the staminate plants was calculated 
as 1,95 days, and a highly significant difference as 2.68 clays. The 
means of the various progenies are shown in Table IV. 

It will be noted that the time was significantly longer in the case 
of crosses S-21 x 2-12 and 5-10 x 3-16. Minor variations also ap- 
peared among the other crosses. The interaction effect is shown by 
considering the vSlandard erro r for a difference betw een differences as 
calculated hy the formula: \/(S. E.a)^ 4- (S. E.b)^. When multiplied 
by the t value for 17 D./F., a significant difference between differ- 
ences was calculated as 4.78 days, and a highly significant difference 
as 6.56 days. As an ajiplication of these figures, the progenies of 
crosses of 4-5 x 5-2 and 5-32 may be compared with those of crosses 
of 5-21 X 5-2 and 5-32. The difference between the former crosses was 
2.9 days (not significant), and the latter was 2.5 days (not significant). 


TABLE VI—The Mean Weights in Grams of 254 Month Old 
Progenies from the 18 Combinations of Parent Plants 


Pistilhitc Parents 

Staminate Parents 

2-12 

3-9 

3-16 

4-17 

6-2 

5-32 

Mean** 

4~S 

0.21 

0.18 

0.18 

0.07 

0.13 

0.18 


.5-10 

0.16 

0.14 

0.23 

0.21 

0.16 

0,16 


5-21 

0.21 

0.24 

0.20 


0.23 

0.14 

nn 

Mean 

0.19 

0.19 

0.20 

1 0.16 i 

0.17 

0.16 

1 0.18 


Sig. Diff. «0.08. 

H. Sig. Diff. *-0.11. 

'^‘•‘Sig. Diff. between Pistillates -*0.03. 

H. Sig. Diff, between Pistillates *-0.04. 
Sig. Diff. between Diff. **0.12. 

H. Sig. Diff. between Diff. »»0.10. 
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These differences being opposite and therefore addible, total S.4 days 
for the difference between differences. This is in excess of the require- 
ment for significance, suggesting that an interaction existed between 
the parental comliinations in question, so that 4-5 combined better with 
5-2 and 5-21 better with 5-32. 

Similarly, subtracting the time for the emergence of the progenies 
of cross 4-5 x 2-12 from the time of 4-5 x 5-32 gives a difference of 
3.1 days (approaching significance) and favoring tlie cross involving 
the male parent 5-32 in early germination. likewise, subtracting the 
time for the emergence of 5-21 x 2-12 from the time of 5-21 x S-32 
gives a difference of 9.0 days (significant) and also favoring the male 
parent 5-32. The difference between differences (5.9 days) was sig- 
nificant. Thus, the progenies of plant 5-32 were significantly earlier 
than those of 2-12 but W’-ere significantly greater in one cross than 
another. Therefore, if earlier germination were being considered as a 
desirable character to be developed in an improved strain, these data 
suggest the desirability of testing various parental combinations. 

As indicated by Table V, the analysis of variance for growth rate 
of 2j4 month old progenies shows the interaction of pistillate and 
staminate parents to be significant. This is considered to be a further 
suggestion that the parental combination should be the I)asis for selec- 
tion. It appears that the parent plants react quite differently in dif- 
ferent crosses. Table VI showy's the means resulting from the different 
combinations. 

By the procedure used for days to emergence, a significant difference 
between means was calculated as 0.08 grams, a highly significant dif- 
ference as 0.11 grams. A significant difference between differences was 
calculated as 0.12 grams; a highly significant difference between 
differences as 0.16 grams. In one instance, thei'e is a significant differ- 
ence between a combination and the group mean, 4-5 x 4-17 having a 
mean of 0.07, It is of interest that both of these parents appeared 
favorably in other combinations. It is also significant that the progenies 
of S-21 were heavier than those of 5-10 and 4-5. This may be a sug- 
gestion that in general 5-21 has value as a pistillate parent but it 
should be rioted that it did not react favorably in all crosses particu- 
larly with the 5-32 staminate plant. 

The apparent lack of vigor of the staminate parent plant S-32 as 
indicated by its yield, number and average weight of spears produced, 
did not have a noticeable weakening e&ct upon its progenies. The 
progenies of 5-32 compared quite favorably with those of the other 
male parents, being the most rapid in emergence, and significantly so 
over the progenies of 2-12 and 3-16. In mean weight of 2J4 month 
old plants, the progenies of 5-32 were lower than those of the other 
stamiimte parents but not significantly so. Further information is 
needed to determine definitely that the various progenies are different 
in vigor. However, the data available suggest that the field perform- 
ance of male asparagus plants may not be a sound basis in selecting 
for increased vigor or rate of growth. 

This is also true in general for the pistillate parents, although the 
evidence presented is not as complete as that on the staminate plants. 
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There was less variation l)etween the pistillate plants. Plant 4-5, which 
showed a slight, but not statistically significant superiority over 5-10 
and 5-21 in nuniber and weight of spears produced over a three-year 
period apparently did not consistently transmit this vigor to its proge- 
nies as shown l)y the measurement used in this study. The progenies of 
4-5 were significantly inferior to those of 5-21 in mean weight of 2J4 
month old plants. Certain dififerences occurred in the interaction be- 
tween male and female parents, which may be an indication that the 
staniinate and pistillate parents are of equal importance in transmitting 
vigorous growth to their offspring but that certain plants may prove 
to be good parents only when in combination with certain others, and 
that favorable combinations can best be determined by testing of 
progenies. 

Correlation Between Parental Factors and Those 
OF Their Offspring 

Correlation coefliicients were calculated to determine whether or not 
any relationship between the parental measurements considered and 
the early development of the offspring could be demonstrated. The 
mean yield, spear size, and number of spears of the parents were 
determined by averaging the data on the two parents involved in each 
cross. As an illustration, the mean yield of cross 4—5 x 3-16 was 
calculated by averaging the yield of the pistillate parent (11.4 ounces) 
with that of the staniinate parent, (19.2 ounces), giving an average 
yield of 15.3 ounces. These averages were then correlated with the 
mean days to emergence and early weights of the corresponding proge- 
nies. There was no definite correlation in any case. This further illus- 
trates that parental vigor was not transmitted. In later performance the 
progenies may not i-eact the same as the young plants but any definite 
relationship was expected to appear in the young plants. 

Summary 

A total of three pistillate and six staminate asparagus plants and 
the progenies of their 18 possible combinations were tested for vigor. 
The pistillate parents did not differ significantly in yield, spear size, 
or number of spears produced. Staminate parent 5-32 was phenotypi- 
cally weaker than other staminate plants used in the experiment. 
Progenies were compared as to days from seeding to emergence and 
weight at 2>4 months of age. In regard to days to emergence, variation 
due to the interaction between staminate and pistillate plants was 
highly significant ; the variation due to staminate plants was significant. 
Weights of 2J4 months old progenies showed the variation due to 
interaction of staminate and pistillate plants to be significant, that due 
to pistillate plants to be significant. Of the phenotypic factors con- 
sidered, none of the parental factors was significantly correlated with 
those of the progenies. 
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Fertilizer and Storage Experiments with Squash 

By J. R. Hepler, Nezv Hampshire AgrictiUtiral Experiment 
Station, Durham, N* H, 

W INTER squash, Cucurbita maxima, is one of the more important 
vegetable crops grown extensively in New Hampshire. The crop 
is so bulky and the price so low per ton that comparatively small 
amounts are shipped into New England. 

Fertilizer practices vary a great deal among different growers vary- 
ing from the application of manure or commercial fertilizer or both in 
the hill, to these materials used broadcast or combinations of both 
methods. 

For the 1939 trials a recently cleared southeastern exposure was 
chosen. In fact this crop of squash was the first crop grown on the land. 
The variety used was the Colby strain of Blue Hubbard. The whole 
area was covered with manure broadcast at the rate of 15 tons per 
acre. In addition to the manure the treatments mentioned in Table 
I were used. The squash was planted 8 feet by 8 feet and thinned to 
two plants per hill with a total of 36 hills per treatment. None of the 
plots had the required 72 plants because insects and mosaic disease 
killed a number of plants after thinning. The treatments were repeated 
once. 

In this newly cleared land, nitrogen was apparently a limiting ele- 
ment, and the organic nitrogen in tankage gave the plant an early 
start and produced a higher yield. 

To note the effect on growth of these various forms of fertilizer, one 
plant in each hill was measured once a week until the plants were 
around 12 feet in length. The last measurements on July 27 showed 
that fertilizer in the hill produced early growth. However, plants on 
plots where the fertilizer was broadcast caught up later in the season 
and yielded practically as much. 

1940 Results 

In 1940, the squash was planted on a fertile plot that had been 


TABLE I-— Growth and Yield of Squash in 1939 


Treatment 

No. of 
Plants 

No. of 
Squash 
Har- 
vested 

Yield 
Per Hill 
(Lbs) 

Total 

Yield 

(Lbs) 

Percent- 

age 

Com- 

parison 

Average 
Growth 
July 27 
(Inches) 

Percent- 

age 

Com- 

parison 

Average 

Growth 

Tankage 1 pound per hilH- 
cEeck treatment 

47 

78 

44.0 

1583.3 

140.2 

125.9 

163. 

750 pounds per acre of 5-8-7 
broadcast -f check treatment. 

53 

70 

36.6 

1319.3 

116.8 

63.2 

77. 

Check, manure at the rate of 15 
toi^ per acre. 

51 

58 

31.4 

1129.2 

wm 

82.2 

mm 

5 pounds manure per hill-f 
(meck treatment, 

56 

67 

36.6 

1315.4 

116.5 

119.2 

145. 

6 pounds manure, 1 pound &-S-7 
fertilizer per hill +check treat- 
ment 

49 

72 

43.9 

1580.9 

140.0 

124.6 

162, 

1 pound S-8-7 fertilizer per hiD 
-f-check treatment 

63 

80 

38.5 

1385.9 

122.7 

99.1 

121. 
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TABLE II—Yield of Squash Harvested in 1940 


Treatment 

No. 

No. 

Squash 

Har- 

vested 

Weight 

(Lbs) 

Com- 

parison 

(Per 

Cient) 

Yield Per 

Plants 

Plant 

(Lbs) 

Hill 

(Lbs) 

1 pound per hill tankage +check treatment 
750 pounds per acre of 5-8-7 broadcast -|- 

66 

71 

1455.0 

95.1 

22.0 

41.6 

check treatment 

85 

86 

1587.1 

103.7 

18.7 

45.3 

Check, 16 tons of manure per acre 

79 

84 

1530.2 

100.0 

19.4 

43.7 

5 pounds manure per hill +check treatment 
5 pounds manure, 1 pound 6-8-7 per hill + 
check treatment 

79 

84 

1623.8 

106.1 

20.6 

46.4 

80 

8:^ 

1584.2 

103.5 

19.8 

46.3 

1 pound 5-8-7 per hill H-check treatment . 

98 

98 

1660.8 

108.5 

16.9 

47.5 


planted to garden crops for 20 years. The fertilizer treatment was 
similar to 1939 with a check treatment of IS tons of manure per acre 
broadcast over the whole field. 

No measurements of young plants were made since it was felt that 
handling the plants during the measuring process tended to spread 
disease. Plants affected with mosaic disease wei'e removed as fast as 
the disease appeared. The above results seem to show that in fertile, 
well tilled soil any normal fertilizer treatment will suffice provided 
insects and diseases are held in check. 

Effect of Various Insecticiues on Squash Yield in 1939 

To control the various squash insects, the plants were dusted cross- 
ways of the fertilizer treatments with four different dusts, about six 
applications being made a week apart. 


TABLE III — ^Effect of Various Dusts (1939) 


Treatment 

No. 
Plants 
on 64 
Hills 

No. 

of 

Squash 

Total 

Yield 

(Lbs) 

Com- 

parison 

(Per 

dent) 

Growth 

August 

3 

(Inches) 

Com- 

parison 

(Per 

Cent) 

Niagara Cucurbit Dust 

82 

116 

2172.9 

110.0 

148.2 

96. 

Calcium Arsenate Lime Dtist 10-90. . . 

71 

95 

1971.6 

100.0 

164.7 

100. 

Pyrocide, 

79 

103 

2030.8 

103.0 

134.8 

87, 

Niagara Mixture 789 

85 

lU 

2138.7 

108.6 

144.7 

94. 


The calcium arsenate dust, home mixed was taken as a check because 
it is readily available. The common belief that lime checks the growth 
of cucurbit vines is not borne out by the measurements, although this 
material did not keep as many plants alive as the other ones did. The 
squash bug was not controlled by any of the treatments. 

The 1940 dusting results are given in Table IV. 

Again none of these treatments controlled squash bugs. The yields 
again were closely correlated with the number of surviving plants. 


TABLE IV— Effect of Various Dusts (1940) 


Treatment 

No. of 
Plants 

No, of 
Squash 

Yield 

(Lbs) 

Per Cent 
Comparison 

10-21 Niagara Dust. 

84 

85 

1637.7 

108.2 

Rotenone 

72 

77 


100.7 

Red Cupric Oxide Cucurbit Dust 

76 

79 

1447.0 

101.8 

Calcium Arsenate Lime— 10-90 Dust. . . 

70 

73 


100.0 

10-20 Niagara Dust 

72 

76 

1444.3 

101.7 
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Storing Experiment 

During harvesting, the squashes were handled very carefully al- 
though the stems of a number were broken off to see whether this is an 
important cause of storage rot. No weight nieasuremcnts were taken 
but there was no observable difference in tlieir keeping qualities. 

The effect of waxing well-matured squash and also dipping them in 
copper sulphate and formalin solution at the rate of 1 to 200 were 
studied. Twenty carefully selected squavshes were used in each treat- 
ment, half of which were injured by cutting off the blossom end before 
treatment. They were stored in a 45 degrees F temperature. The 
results of these treatments are shown in Table V. 


TABLE V— Effect of Different Treatments on Storage of Squash 


Treatment 

Weight of 
10 Squash 
Nov 16 
(Lbs) 

Percentage 
of Original 
Weight 
Dec 13 

Per Cent 
Original 
Weight 

Jan 10 

Per Cent 
of Original 
Weight 
Peb 16 

Waxed and injured 

185 

95.5 

95.5 

02.4 

Waxed and uninjured 

186 

95.0 

95,7 

93.2 

Injured 

1815^ 

92.8 

9:}.7 

89.5 

Uninjured 

219H 

93.5 

94.5 

90.3 

Injured dipped in CuS04, 1-200 

203y2 

94.7 

94.8 

89.9 

Uninjured dipped in CuSO^, 1-200 

170M 

94.3 

93.6 

80.6 

Injured dipped in formalin, 1-200 


06.1 

95,3 

93.1 

Uninjured dipped in formalin, 1-200 . . . 

223 

95.3 

95.4 

02.9 


Average per cent of original weight Peb 15 injured — 91.2 
Average per cent of original weight Peb 15 uninjured— 91,5 



Plant Tests as a Guide to Fertilizer Treatment of 
Tomatoes (Preliminary Report) 

By E, M. Emmert, University oj Kentucky, Lexington, Ky, 

T he data, analysis of results and detailed discussion of this paper 
will be published in a Kentucky Bulletin. The results are presented 
of 5 years' work in the Station greenhouse on soil plots, of 6 years' 
work in field plots at the Lexington station, of 2 years' work on the 
poor soils of the substation at Princeton, Kentucky, and of two crops 
grown by the soilless culture method in the greenhouse. Numerous 
plant tests ( 1 ) were made on all these crops and the results correlated 
with yield. Drouth caused moisture to be a primary factor in some 
cases where irrigation could not be done, and these results are not 
comparable with those from crops which received ample moisture. 
However, despite moisture influences, definite results have been ob- 
tained from year to year and recently have shown high significance 
statistically, even up to the rigid level of P = .01 which is considered 
as showing the relationships to be significant without any doubt. 

One conclusion that has been reached in all trials is that the plant 
tests show response to nutrient treatment, whether in the soilless 
cultures, greenhouse soil plots or in the field, and since the results of 
the tests are highly correlated with yield and growth response they 
must show quite accurately the availability of nutrients to the plant. 
In fact, plant tests seem to be a better measure of the nitrogen and 
phosphorus the plant is able to absorb than are soil tests. 

The general conclusions to be gathered from all the data are that the 
soluble nitrogen and phosphorus should be rather high (1,500 to 2,000 
parts per million of nitrogen, 100 to 150 parts per million of phos- 
phorus, in the lower green mature petioles) in the early period of 
growth before any fruits set ; the nitrogen should then drop to around 
1,000 parts per million just prior to fruit setting time, with phosphorus 
increasing to 200 or more parts per million. Then, after the first three 
or four clusters of fruit on plants pruned to one stem (may be several 
clusters on each branch of unpruned plants) are set and the fruits are 
starting to grow, the nitrogen should be increased to 2,000 to 2,500 
parts per million, with the phosphorus maintained above 200 parts per 
million until the fruits have sized up and the lower clusters are ripen- 
ing. After ripening has progressed somewhat the nitrogen should be 
reduced to around 1,000 parts per million to stop late vegetative 
tendencies at the expense of late yield. Maintenance of high phos- 
phorus at this stage seems unimportant. 

Plant tests are the best method to follow the course of nutrients 
during the season and a grower will benefit greatly from making these 
tests which are comparable to rapid soil tests in ease of procedure and 
rapidity. However, even if plant tests are not made, a grower may well 
make effort to apply nitrogen and phosphorus in such a way that the 
course of nutrients will follow the above changes in amounts through- 
out the growth of the plant. 

In practice, the grower should apply amounts of a quick-acting ferti- 
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lizer such as sodium nitrate so that the plants will make a rapid and 
vigorous early growth, to develop a large-framed plant. The amount to 
apply, of course, will depend on the natural soil fertility (usually 50 to 
250 per acre) . If it is certain that nitrogen and phosphorus are needed, 
some may be applied at plant setting time, If it is not certain, plant 
tests will readily determine this about one week after setting. Care 
must be exercised with nitrogen, however, not to apply so much that 
it will be excessive as fruit setting approaches. Slowly available ferti- 
lizer should not be applied unless it is certain it will not l)econie 
rapidly available just before fruit set and cause excesses of soluble 
nitrogen at this critical period of high demand for phosphorus. At this 
time if nitrogen is excessive in comparison to the phosphorus and 
carbohydrate supply, most of the blossoms will drop or fail to develop 
and early fruiting will be greatly reduced. For this reason care should 
be taken to not add fertilizers which will greatly increase nitrogen 
just before fruit setting time, which often happens when large amounts 
of slowly available fertilizer are added, especially on a soil already 
rather high in organic nitrogen. 

Just before fruit setting, a 1,000-pound per acre application of 20 
per cent superphosphate (smaller amounts of higher analysis phos- 
phate may be even better), applied in a 2-inch deep furrow as close 
to the plants as possible, will work wonders in fruit set, even on some 
highly phosphatic soil. This depends on the fixing nature of the soil. 
Undoubtedly, it is best to apply at least part of the phosphorus just 
prior to fruit setting, in a soil of high phosphorus-fixing tendency. 
(Most heavy soils are of this type. Plant tests will help to show if this 
is the case.) 

Then, after fruits set, a heavier side dressing of nitrogen may be 
used (100 to 300 pounds of sodium nitrate) but it is best to avoid an 
excess so that the absorption of nitrogen will decrease with the matur- 
ity of the crop. 

This care in the reducing of nitrogen and increasing of phosphorus 
just before fruit set is of special importance to the early market gar- 
dener and greenhouse producer and he can afford to make special 
effort towards this end since the set and development of fruit on the 
first clusters are all important to him. 
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Soil Acidity for Watermelons on Sand 

By John D. Hartman and F. C. Gaylord, Purdue University, 
Lafayette, Ind. 

I N a previous publication the authors (1) presented results of soil 
acidity experiments with muskmelons and sweetpotatoes on Prince- 
ton and Elk fine sands. The data reported in this paper were obtained 
in 1940 on the plots described in the previous publication and are 
presented as information on growth of watermelons relative to the pH 
of the soil. Treatment 1 consisted of an application of 1,000 pounds 
of elemental sulfur per acre on September 24, 1937. The plots of treat- 
ment 2 received 333 pounds of sulfur per acre at the same date. No 
soil amendments were added on the plots of treatment 3. For treat- 
ment 4, 1,000 pounds of ground limestone were applied in September, 
1937 and sulfuric acid equivalent to 433 pounds of sulfur, on May 12, 
1939. The application to plots of treatment S was 3,000 pounds of 
limestone, put on in 1937. Ground limestone, at the rate of 9,000 
pounds per acre, was used on the plots of treatment 6 on September 
24, 1937 ; hydrated lime furnishing as much calcium as 2 tons of 
limestone per acre was added May 12, 1939. No further materials for 
modifying the acidity have been added. 

During the winter and early spring of 1939-1940 the plots were in 
rye, which grew luxuriantly. This rye was top-dressed with 100 
pounds of sulfate of ammonia and 50 pounds of 50 per cent muriate 
of potash per acre on March 19 and again on April 6, 1940. It was 
disked and plowed under April 26, when it was about 2 feet tall. 

Seeds of the variety Hawkesbury, which is highly resistant to 
Fusarium wilt, were sown April 10 in veneer bands in a cold-frame. 
The plants were set in the field on May 23, being spaced 14 by 7 feet. 
At that time they had several fully expanded true leaves. On May 30 
fertilizer was applied at the rate of 100 pounds of sulfate of ammonia, 
900 pounds of 20 per cent superphosphate, 300 pounds of 50 per cent 
muriate of potash and 1 5 pounds of borax per acre. These ingredients 
were mixed together and scattered along the bottoms of the deep fur- 
rows in which the plants had been set and, to a much lesser extent, 
on the surface of the ground around the plants. There were no further 
applications of fertilizer. 

Rainfall during April exceeded 8 inches, but there were no heavy 
rains from the time the plants were set until after the date of last 
harvest, October 2. On only three days during this whole period did 
rainfall exceed a half inch : May 25, 0.54 inch ; July 1 1, 0.69 inch ; and 
September 24, 0.68 inch. Nevertheless, in spite of drought, detrimental 
to nearly all other crops, the watermelons made excellent growth. 

Half of each plot was sprayed with an insoluble copper spray on 
July 13, August 1, and August 20. Presumably on account of the 
drought these sprays had no apparent effect on the plants or on yields. 
Foliage was still in excellent condition even after harvesting was 
discontinued. 

Soil samples were taken on each plot three times during the season. 
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At each time eight borings to a depth of 8 inches were made on each 
plot or each half plot. A quinhydrone electrode method was used for 
measuring pH. 

Refractive indices on the juice of melons from all treatments were 
obtained with Zeiss hand refractometers.^ For this testing, two ripe 
melons from each plot of the first and third replicates and one from 
each plot of the other four replicates were used. The melons for this 
purpose were chosen and marked early in the season. All ripened with- 
in the period from August 10 to August 30. In each case the juice 
sample w^as taken from the seed region. Duplicate readings were made. 
The refractometers were kept at temperatures at which they had been 
recently checked with solutions of known refractive index. They are 
calibrated to read directly in percentages of sucrose, though, of course 
other soluble materials affect the readings. 

Other characteristics of these sample melons, including taste and 
color, were also recorded. 

Results and Discussion 

The principal data are summarized in Table I. Yields of No. 1 
melons only are given because practically all defective and stunted 
fruits were removed before maturity. 

As is usual, pH values were higher in the spring than in the summer. 

Comparisons made between data of August 1940, and those of 
August 1939, show a tendency toward increased acidity, especially in 
the case of treatment 3, to which no materials have been added specifi- 
cally for the purpose of changing the acidity. These differences are 
probably worthy of notice, because both 1939 and 1940 were drought 
years on this sand and in both nitrates should have had time to 
accumulate in abundance prior to the date of sampling. The trend is 
almost undoubtedly due to a continued use of sulfate of ammonia as 
a source of nitrogen. The plots of treatment 3 have been most affected, 
presumably because of the smaller quantity of buffering chemicals in 
the soil there. 

From the table it may be seen that soil acidity, within the range of 


TABLE I — ^Effect of Soil Acidity on Yields and Soluble Solids 
Content of Watermelons 


Treatment 

Number 

Soil Acidity 

Yield of No. 1 Melons 

Soluble Solids 
in Fruit, 
Expressed 
as Sucrose 
(Per <5ent) 

August 

29. 

1939 

(pH) 

May 

22, 

1940 

(pH) 

1940 

(pH) 

August 

12, 

1940 

(pH) 

Total Weight 
(Pounds Per 
Acre) 

Weight 
Per Fruit 
(Pounds) 

1 

4.6 

5.1 

4.8 

4.7 

25.312 

26.1 

9.6 

2 

6,4 

5.4 

4.9 

4.9 

25,748 

26.3 

9.8 

3 

6.8 

6.7 

6,3 

6.2 

26.263 

24.4 

9.6 

4... 

5.2 

5.7 

6.3 

5.2 

26,970 

24.9 

9.7 

5. 

6.7 

6.6 

6.3 

6.3 

27,701 

24.9 

9 7 

6 

7.6 

7.6 

7.3 

7.4 

27,390 

24.3 

10.0 

Difference 








necessarjr 








for signifi- 
cance (19:1) 

0.4 

0.3 

0.4 

0.3 

N.S.* 

N.S. 

N.S. 


*Not significant. 
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pH 4.7 to 7.4, for August readings, had no significant effect on yield, 
size or soluble solids. Averages for taste index numbers were also all 
practically the same. It is possible that failure of differences to appear 
was partly attributable to the dry weather. This postulate does not, 
however, appear well grounded, because sweetpotatoes in the dry year 
of 1939 did show large differences ; furthermore, the plots are regularly 
plowed to a depth of 10 to 12 inches and so all the surface soil should 
have the same average acidity as did the soil samples. 

There are few other data in the literature with which these results 
may be compared. Hartwell and Damon (2) in 1914 rated water- 
melons as a crop somewhat adversely affected by the liming of a very 
acid soil on which most other crops grew poorly without liming. Their 
data, however, do not consistently support this conclusion and may be 
considered to show, on the whole, no significant effect of liming. Jones 
and Rosa (3) state that in California watermelons are successfully 
grown on slightly alkaline soils. 

Where the natural manganese supplying ability of a soil is low, a 
detrimental effect is of course likely when the pH is brought above 
6.5 or 7.0. The soils of this experiment are, however, rather high in 
available manganese, avS indicated by tests based on the rapid methods 
of Spurway (4). 
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The Phosphorus Level of a Chenango Fine Sandy Loam 
Required by Four Vegetable Crops 

B}'" John Bushnell, Ohio Ag^iciiUtml Experiment Station, 
JVoostcr, Ohio 

D uring the course of a fertilizer experiment with four vegetable 
crops on Chenango fine sandy loam near Marietta, in southern 
Ohio, plots receiving annually 400 pounds of 16 per cent superphos- 
phate became saturated to the point where residual phosphorus was 
amply available to all of the crops. This was clearly evident when the 
phosphate was omitted from the fertilizer of one plot beginning in 
1931. For the following four years the yields of all the crops, toma- 
toes, cucumbers, cabbage, and sweet corn, were as high on this plot 
as on an adjacent continuously phosphated plot (2). However, in the 
fifth and sixth years the tomatoes and cucumbers began to show some 
indications of phosphorus deficiency, but the cabbage and sweet corn 
continued to give as high yields as on the phosphated plot. 

Soil samples collected in the spring of 1931, when the phosphate was 
first omitted, tested 180 pounds of ‘‘readily available’' phosphorus by 
Truog’s method (6), and 100 pounds per 2,000,000 were readily 
extracted with water. The procedure for determining the water-soluble 
phosphorus was the same as Truog’s method, except that water was 
used instead of a weak acid solution, and several refilterings were 
necessary to get a clear filtrate. This .soil testing 180 pounds of avail- 
able phosphorus by Truog’s method, and 100 pounds water-soluble, 
contained sufficient available phosphorus to maintain the yield of 
tomatoes and cucumbers for at least four years. 

After the yields of tomatoes and cucumbers began to decline, soil 
samples were again collected in the fall of 1938. The available phos- 
phorus at this time was 120 pounds by Truog’s test of which SO pounds 
were water-soluble. This proved to be sufficient for cabbage and sweet 
corn for at least two more years. 

Sweet corn has produced good crops on soil with even less avail- 
able phosphorus. During the first 16 years of the experiment sweet 
corn thrived without any phosphate fertilizer whatever, whereas the 
other crops responded to phosphate applications from the outset. At 
the end of 16 years, some of the plots without phosphate fertilizer 
tested about 90 pounds of phosphorus by Truog’s test of which 20 
pounds were water-soluble. 

Thus the four crops fall into three distinct classes. Tomatoes and 
cucumbers require a high level of available phosphorus, cabbage a 
somewhat lower level, and sweet corn a distinctly lower level. 

Availability of the Phosphorus from Manure 

The above data may not be strictly valid for cucumbers, because 
cucumbers have not given as good yields on any of the fertilized plots 
as on manured plots. Tests of the soil from a plot receiving 8 tons of 
manure per acre showed 230 pounds of available phosphorus by 
Truog’s method and 70 pounds water-soluble. As manure has been 

626 



BUSH NELL : PHOSPHORUS LEVEL 


627 


TABLE I— Tests for Phosphorus on Soil Containing Ample 
Available Phosphorus for the Crops Listed 


Plot 

Year 

Sampled 

Annual Phosphate Ajmlication Per Acre 
of Preceding Years 

Available 

Phosphorus 

Proved 

Sufficient 

For 

Water 

Extract 

Truog’s 

Method 

31 

1031 

400 pounds 16 per cent superphosphate 

100 

180 

Tomatoes 

25 

1938 

8 tons manure 

70 

230 

Cucumbers 

31 

1938 

None since 1930 

50 

120 

Cabbage 

32 

1931 

None since 1914 

20 

90 

Sweet corn 


applied annually to this plot it cannot be stated that the residual phos- 
phorus was ample for cucumbers, as stated above for the other crops, 
but rather that at this phosphorus level 8 tons of manure per acre 
supplied sufficient phosphorus for cucumbers. The data of this plot 
are included in the summary, Table 1. 

Discussion 

It is well known that most soils in western irrigated districts do 
not respond to phosphate fertilizer, but in eastern states only rarely 
do fertilizer experiments indicate that a soil has been phosphated to 
the point where maximum crops can be grown without phosphate in 
the fertilizer. Aside from the results in Ohio, three other instances 
have come to the attention of the writer. Odland and Crandall (5), in 
Rhode Island, obtained an 8-year average yield of 482 barrels of cab- 
bage per acre from an 8-0-8 and 474 barrels from an 8-8-8. Brown 
(1) mentioned an experiment on an old tobacco soil in Connecticut 
in which potatoes did not respond to phosphate in the fertilizer. Hester 
(3) estimated the phosphorus fixing capacity of Norfolk sandy loam 
at about 5,000 pounds of phosphoric acid per 2,000,000 pounds of soil 
and found one grower's field with over 6,000 pounds. 

Thus, here and there, in the vegetable districts of the eastern states 
are fields which have been phosphated to the point where residual 
phosphorus is amply available to crops. In view of the almost uni- 
versal practice of applying much larger quantities of phosphorus in the 
fertilizer than removed by the crops, the number of fields phosphated 
to this degree must be increasing. Presumably, relatively small amounts 
of phosphate fertilizer would be required to maintain yields on such 
soils. By suitable soil tests, together with a knowledge of the require- 
ments of various crops, it would seem feasible to detect such soils and 
to modify the fertilizer recommendations accordingly. 

This brings up the question of the accuracy of soil tests. The various 
procedures now being used have not been comprehensively compared 
on the soils of this experiment, but Morgan's (4) test for phosphorus, 
which is the one most commonly used in Ohio, has not proved sensitive 
enough to be of much value. Soils ranging from 50 to 150 pounds of 
water-extractable phosphorus could not be differentiated by Morgan's 
procedure, when the extracting solution was poured through the soil 
sample. On the other hand, Truog's (6) procedure of extracting by 
shaking for 30 minutes has given good agreement with the crop 
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response, good agreement with the known quantities of phosphate 
previously applied, and indicated two to three times as much avail- 
able phosphorus as shown by the water extractions. 

The tentative recommendation for growers in the Marietta clivStrict 
is to have their soils tested by Truog’s method, compare the findings 
with the data of Table I, and, if the available phosphorus is near or 
above the crop s requirement, to reduce tlie phosphoric acid content 
of the fertilizer to 20 to 40 pounds per acre. 

Aside from this practical deduction, the facts of special scientific 
interest in this experiment may be summarized as follows : (a) With 
only moderate applications of superphosphate for a period of 16 years, 
‘ the accumulation of available phosphorus reached the point where it 
was ample for tomatoes, (b) The crops grown here differ in the phos- 
phorus level required and, consequently, the crops must differ physio- 
logically in their capacity to obtain phosphorus from the soil. 
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Growth and Yield of the Tomato Plant When 
Hardened with Certain Nutrient Solutions' 

By E. P. BrAvSHER, West Virginia University, Morgantown, 

W, Va, 

T he hardening of tomato plants before planting in the field has 
long been considered necessary by many research men and com- 
mercial growers. In recent years, however, a few publications have 
shown detrimental effects from this practice. In 1937 Brasher and 
Westover (1) found that in West Virginia the hardening of young 
tomato plants, even to a moderate degree, induced a stunting effect, 
made them no more able to survive unfavorable early spring condi- 
tions, and resulted furthermore in lower yields. These findings were 
supported by Porter's (2, 3) field trials in Connecticut and by the 
work of Crist (4) under greenhouse conditions in Michigan. 

Because of the increased popular interest in hydroponics and of the 
possibility that plant growing in soilless cultures may become com- 
mercially important, the present investigation was undertaken to de- 
termine whether tomato plants could be hardened with certain nutri- 
ent solutions. Another aim was to determine whether plants hardened 
in this manner responded similarly to those hardened in the ordinary 
manner as reported by previous investigators. 

Plant Growing and Procedure of Hardening 

Tomato seeds of the Break O'Day variety were sown in flats on 
March 13 and on April 2 the seedlings were transplanted into clay 
plots containing washed sand. The plants were grown with a nutrient 
solution suggested by Withrow and Biebel (5) in the greenhouse at 
Morgantown. 

Ten days before the plants were set in the field, three series of SO 
plants were selected for comparison. In series 1 the concentration of 
the nutrient solution was increased with potassium sulphate from one 
to about eight atmospheres. The original nutrient solution for series 
2 was increased to approximately eight atmospheres using all of the 
major fertilizer salts. Series 3 was grown with the original solution, 
except that the nitrogen was decreased to a point of deficiency. If 
any treatment that checks or slows up plant growth has a hardening 
effect, the plants in series 1 and 3 were hardened, while those of series 
2 remained in a tender condition. 

At the end of 10 days there was a very pronounced difference 
in the appearance between the plants of the 3 series. The plants of 
series 1 were fairly stocky, medium light green in color, and had in- 
creased slightly in height. The plants of series 2 had made vigorous 
growth, were medium dark green in color, and were much taller than 
the plants of the other two series. They also exhibited some flower 
buds and appeared to be very vegetative. The plants of series 3 were 
small and somewhat spindly and apparently had not increased much 
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in size. The folia^^c was very ltg*ht grccti in color, with the lower leaves 
decidedly yellowish. 

The plants of the hrst and tliird series did not show many of the 
visual characteristics of hardiness hut apparently, to a certain extent, 
each was hardened. This was shown l)y |.)]acing representative plants 
of all scries under conditions whicli were conducive to wilting. After 
four hours of this treatment tlie plants from the first scries were ap- 
parently unaffected, those from the second wen' sc‘yerc‘ly wilted, and 
those from the last were only slightly wilted. Judging from this test 
the plants of series 1 and 3 were moderately liardencd, while those in 
series 2 remained in a succulent condition. 

Field Technique and Observations 

The field trials were located at Morgantown on a Tilsit silt loam. 
Tlie planting consisted of six rows, each row of 21 jdants spaced 5 
feet apart with the plants 5 feet apart in the row. The plants of the 
three treatments appeared in the same se(|uence in the rows, which 
resulted in a systematic distribution. A starter solution of 4.25 pounds 
of a S-IO-IO fertilizer mixture in 50 gallons of water was used at the 
rate of 1 pint per plant at setting time. The plants were set on May 22 
and shortly afterwards an application of 1,200 pounds per acre of a 
S-10~5 fertilizer mixture was applied in hands around the plants. 
Individual plant records consisted of the number and the weight of 
fruit of the marketable and total yields. All tomatoes were considered 
marketable that weighed three or more ounces and were of desirable 
market quality. 

Seventeen days after setting, there were wide visible differences 
between the hardened and the tender plants. Regardless of treatment, 
all the plants were darker in color, but apparently the rate of growth 
was much faster in the tender plant.s. The hardened plants (series 1 
and 3) had a few flowers, they had increased slightly in size, and no 
lateral shoots had developed. The tender plants possessed many flow- 
ers, they had increased rapidly in size, and new axillary shoots were 
growing. Superior difFerences favoring the tender jdants were still 
evident at the first harvest period. 

In the analysis of the yield data, the mean values of the measure- 
ments were obtained from the individual jilants of the various treat- 
ments. The difference between these mean values was determined. A 
difference between means greater than 3.2 times its probable error 
has been regarded as significant. 

Presentation and Discussion of Data 

From early season observations it was apparent that the hardening 
treatments had caused a delay in growth of the tomato plants after 
transplanting and that they had also reduced the production of early 
fruit Yield evidence supporting these observations was shown by the 
rapidity with which the plants came into production. At the first har- 
vest on July 23, 52 per cent of the tender plants yielded marketable 
fruit as contrasted with 26 per cent of the plants in each of the hard- 
ened series. 

In Table I a comparison of the mean individual plant yields shows 
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TABLE I— Comparison of Mean Yields From Tender Plants and 
Plants Hardened With Certain Nutrient Solutions 


Grade of Fruit 


Determination 

Treatment* 

Yield 

Difference 


D/P. E. 


Early Yields {July 23 to Atigust 12 , 1 Q 40 Inclusive) 




1 

4.09 ±0.16 

0.89 ±0.21 

4.24 



2 

4.98 ±0.13 



Number of fruits 

1 

4.09 ±0.16 

0.11 ±0,22 

0.50 



3 

3.98 ±0.15 



2 

4.98 ±0.13 

1,00 ±0.20 

5.00 



3 

3.98 ±0.15 



Marketable 


1 

1.73 ±0.08 

0.26 ±0.09 

2.89 



2 

1.99 ±0.05 



Yield (Pounds) 

1 

1.73 ±0.08 

0.16 ±0.11 

1.45 


3 

1.57 ±0.07 





2 

1.99 ±0.05 

0.42 ±0.09 

4.67 



3 

1.67 ±0.07 





1 

4.34 ±0.17 

1.12 ±0.23 

4.87 



2 

5.46 ±0.15 




Number of fruits 

1 

4.34 ±0.17 

0.62 ±0.27 

2.30 


! 

3 

4.96 ±0.21 





, 2 

5,46 ±0.15 

0.60 ±0.26 

1.92 

Total 


3 

4.96 ±0.21 




1 

1.77 ±0.08 

0.31 ±0.09 

3.44 



2 

2.08 ±0.06 



Yield (Pounds) 

1 

1.77 ±0,08 

0.01 ±0.11 

0.09 


3 

1.78 ±0.07 





2 

2.08 ±0.05 

0.30 ±0.09 

.3.33 



3 

1.78 ±0.07 



Yields for Entire Season, i 04 O 



1 


1 ! 

22.61 ±0,74 

4.19 ±1.13 

3.71 



2 ! 

26.80 ±0.86 





1 

22.61 ±0.74 

0.16±1.17 

0.14 



3 

22.13 ±0.90 




Number of fruits 

2 

26.80 ±0.85 

4.67 ±1.24 

3.77 



3 

22.13 ±0.90 



Marketalble 


1 

7.90 ±0.28 

1.26 ±0.41 

3.07 



2 

9.16 ±0.30 




Yield (Pounds) 

1 

7.90 ±0.28 

0.04 ±0.43 

0.00 


3 

7.69 ±0.32 





2 

9.16 ±0.30 

1.47 ±0.44 

3.34 



3 

7.69 ±0.32 





1 

32.60 ±1.04 

5.96 ±1.59 

3.75 



2 

38.56 ±1.21 




Number of fruits 

1 

32.60 ±1.04 

0.31 ±1.70 

0.18 


3 

33.28 ±1.35 





2 

38.66 ±1.21 

6.28±1.81 

2.91 



3 

33.28 ±1.36 



Total 


1 

9.64 ±0.33 

1.64 ±0.34 

4.82 


2 

11.28±0.33 




Yield (Pounds) 

1 

9.64 ±0.33 

0.07 ±0.52 

0.13 


3 

9.81 ±0.40 





2 

11.28 ±0.33 

1.47 ±0.62 

2.83 



3 

9.81 ±0.40 




♦Treatment 1 


3 


Plants hardened with a strong potassium solution. 

Tender plants. 

Plants Imrdened with a solution that was deficient in nitrogen. 
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that the tender plants were significantly sii|)crior to tlic Imrclened 
plants in nearly all of the yield measiireincnts. This superiority in 
acre yield probably would have been greater, had the plants been 
spaced at the usual commercial planting disiatice. No significant differ- 
ences were found in a comparison of tiie plant measurements between 
the two series hardened by the different methods. 

A striking difference between the tender and hardetu‘d j>lants is 
shown when the mean yield differences are expressed in percentages. 
The plants of series 1, which were the more ])rodiictive of the two 
series of hardened plants, yielded 12 per cetit less early and IS per cent 
less total marketable fruit than did the tender plants. These data, to- 
gether with those reported by other workers, tend to sui)p(.)rt the be- 
lief that any method used which results in stunting or hardening young 
tomato plants permanently slows up their field performance, probably 
decreasing the yield roughly in proportion to the severity of the hard- 
ening treatment. 
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The Response of Four Vegetable Crops to Different 
Nitrogen Carriers^ 

By W. L. Bartholdi and T. E. Odland, Rhode Islatid Agricultural 
Experiment Station, Kingston, R, I, 

T he nitrogen in commercial fertilizers may be obtained in a num- 
ber of carriers including both organic and inorganic forms. The 
question is often raised as to the relative efficiency of nitrogen obtained 
from these various carriers, and more particularly in recent years, since 
a number of new sources have come into general use. Comparisons of 
a number of carriers have been made at the Rhode Island Agricultural 
Experiment Station over a period of many years. Two earlier publi- 
cations (1, 2) have presented data relating to the relative efficiency of 
nitrate of soda and sulfate of ammonia on limed and unlimed soils. 
When the same soil reaction was maintained by heavier liming on the 
sulfate of ammonia plats than on those receiving the nitrate of soda, 
the two sources were generally about equally effective as sources of 
nitrogen. This paper reports briefly some of the heretofore unpublished 
data obtained in studies conducted in 1932 with Early Wonder table 
beets and New York lettuce, also later studies begun in 1933 and 
continued through 1939 in which Bloomsdale Savoy spinach and Gol- 
den Acre cabbage were included. 

The experiments were conducted on the market garden field plats, 
which have been in continuous vegetable culture since 1916. The plats 
selected had received uniform treatment, including applications of 
stable manure, for a number of years previous to the present trials. 
Prior to 1932, and during the course of the investigations, necessary 
lime additions were made each year as required to maintain the soil 
acidity level between pH 6 and pH 7. The soil is a fine sandy loam of 
medium to high fertility and, in general, has indicated a marked re- 
sponse to medium amounts of nitrogen with most crops. 

Seven nitrogen sources were used as individual nitrogen carriers. 
Each of the single nitrogen sources comprised a component part of a 
complete fertilizer mixture approximating a 5-10-S analysis. In the 
initial experiment, each plat received applications equivalent to 1,200 
pounds per acre. In the later studies, fertilizers were applied at the 
rate of 1,500 and 1,800 pounds per acre annually to spinach and cab- 
bage, respectively. All fertilizer applications were broadcast at the 
time of planting. 

With the exception of experiments conducted with ammophos, 
phosphoric acid was obtained from superphosphate, while potash was 
obtained from muriate of potash. The small part of the nitrogen con- 
tent used to augment the nitrogen of the ammophos carrier was sup- 
plied by nitrate of soda. When used in combination, nitrate of soda 
and sulfate of ammonia comprised a mixture of approximately one- 
third nitrate of soda and two-thirds sulfate of ammonia. All plats were 
replicated and treatments randomized to allow a statistical interpre- 
tation. 

^Contribution No, 583 of the Rhode Island Agricultural Experiment Station. 
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Results 

Table I combines the yields for six years, showing the. total of each 
plat in 1932, and the average yield pcM* acre for each plat during 1933 
to 1937, inclusive. In 1932, both lettuce and beets vver(i grown as early 
crops. From 1933 to 1937, inclusive, spinach wrus grown as an early 
crop, followed on tlie resjiective plats by late cal>])age. 

Table 1 indicates that yields (if lico.ts and lettuce were not signifi- 
cantly influenced by any of the single nitrogen source.s employed. 
However, when yield comparisons are made, it is evident that minor 
differences were brought about by the different nitrogen carriers. The 
apparent lag in yields of both crops on the plats receiving sulfate of 
ammonia, and the indicated smaller yield of licet s obtained on the 
nitrate of .soda plats, do not substantiate previous conclusions as to 
the relative effectiveness of these materials. It seems quite probable 
that these differences occurred as normal yield variations under the 
prevailing conditions. Such an explanation seems plausible in view of 
the fact that only one year’s data are involved, and consequently only 
a few observations were made. 

On the average, there was little difference in the comparative effec- 
tiveness of the various nitrogen carriers for the early spinach or cab- 
bage. As might be expected, considerable variation occurred among 
plats during the separate years of the experiments. However, tlie data, 
when represented as a S-year average, indicate very concluvsively the 
genera] crop response obtained. Considering the results olitained over 
the 5-year period, the data in Table I indicate that iflats receiving 
nitrate of soda, sulfate of aninionia and the combination of these two 
s(Durces were about equally effective for spinach. The data show these 
yields to be significantly larger than yields obtained on all other plats. 
There were no significant differences in total yield of spinach on the 
remaining plats. 

The data, given in Table I, show that plats fertilized with nitrate of 
s(Dda produced the highest yields of cabbage, hut the average yield of 
376 barrels per acre was not significantly greater than the average 

TABLE I— Effect ok Nitroorn Carriers on Yiei.ds frr Acre of Bkrts 
AND Lettuce (1932) and on Avrra(Jk Yireds of SHNAcn 
AND Cabbaor (1933 TO 1937) 


Five-Year Average 
lORs-ioar 


spinach Cabbage 

(Bushels) (Barrels) 

1320 m 

376 

1237 351 

1206 312 

1216 321 

1242 36S 

1299 348 


&4t I 37t 
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TABLE II — Avp:rage Yiklo per Acre of Spinach and Cabbage With 
Two Different Sources of Nitrate of Soda (1936-1939) 


Nitrogen Source 

Spinach 

Cabbage 


(Bushels) 

(Barrels) 

Chilean Nitrate of Soda 

1281 

345 

Arcadian Nitrate of Soda 

1317 

331 


yield obtained on the calcium nitrate, calnitro, nitrate of soda-sulfate 
of ammonia or the sulfate of ammonia plats. Although the average 
yields obtained on the plats receiving ammophos and urea were signifi- 
cantly lower, the apparent decrease does not appear to be great enough 
to suggest that these materials are less effective as sources of nitrogen. 

In response to several inquiries, further experiments were begun 
in 1936 and continued for four years in which synthetic and Chilean 
nitrate of soda were compared. Spinach and cabbage were grown and 
the fertilizer applied at the same rate per acre as in previous trials. 
The average yields for 1936 to 1939, inclusive, are presented in 
Table H. / 

The data in Table II show that under the conditions of the test, 
neither source of nitrate of soda used was more effective than the 
other for the two crops. There was a small difference in average yield 
in favor of Arcadian nitrate of soda for the early spinach and an 
opposite effect for the late cabbage crop. 

Discussion and Conclusions 

Many experiments have been made in different sections of the 
country on the relative efficiency of various sources of nitrogen for 
commercial fertilizers. In some cases certain carriers have been the 
most efficient while in others there has been very little difference be- 
tween the effectiveness of the various sources. The chief factors which 
seem to determine the relative efficiency of the various sources are 
soil type, soil reaction, kind of crop grown, climate, residual fertility 
of the soil and method of use. Any or all of these factors may have 
an important bearing on the results obtained. The conditions under 
which the test reported here was made were such that relatively small 
differences in efficiency might be expected between the various sources 
used. The soil was of a medium texture, it was well limed, minor 
elements were probably present in sufficient quantity, and extreme 
weather conditions were not encountered. Using the various materials 
in a fertilizer mixture rather than as side dressings also tended to 
eliminate differences. Calcium cyanamid used in this way for several 
years was not a satisfactory source and was discontinued. It will be 
noted that no natural organic source of nitrogen was included since 
many experiments at this station have shown that under conditions 
such as these, the much less expensive inorganic sources can be used 
more economically for the greater portion of the nitrogen requirements. 
Wessels and White-Stevens (3) have recently reported similar find- 
ings for spinach under Long Island conditions. It should be stated, 
however, that some natural organics are usually used in the fertilizer 
mixture as conditioners and to lengthen the period over which nitrogen 
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will lie available. The amounts of such or^nics that it will l>e neces- 
sary to use will depend on the local conditions. 

Although there were considerable variations from year to year in 
the response of the four crops used in these experiments to different 
nitrogen carriers it seems logical to conclude that all were satisfactory 
sources and that relative cost, specific crop or use and convenience of 
obtaining a supply should be the governing factors in making a selec- 
tion. In considering the cost it should l)e kept in mind that acid reacting 
sources such as sulfate of ammonia will require more frequent liming 
of the soil than will materials such as nitrate, of soda. 
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Fertilizers for New Jersey Sweet Potatoes 

By V. A. Tiedjens and L. G. Schermerhorn, Neznf Jersey 
Agricultural Experiment Station, New Brunszvick, N. J. 

Abstract 

This material will be published as a bulletin of the New Jersey Agricultural 
E.vperiment Station. 

I T PRESENTS yield data where fertilizer in dry and liquid form 
were compared. Also data are presented from a comparison of 
different starter solutions. A 13-26-13 starter solution produced the 
highest yields. A comparison between different applications of dry 
fertilizer indicated that the best yields could be obtained where the 
fertilizer was placed under the plowed soil under the row. 



Oossing Relations of Some Diploid and Polyploid 
Species of Roses 

By J. C. Ratsek, W. S. Flory, Jr., and S. H. Yarnell, 

Texas Agricultural Experiment Station, A, and M, 

College oj Texas, College Station, Tex, 

R osa is one of the plant genera in which many polyploid species are 
known to occur. In the Texas Experiment Station’s breeding pro- 
gram to secure improved rootstocks for roses a rather large number 
of interspecific crosses have been made or attempted. The • relations 
apparent when the crosses among the diploid species alone were con- 
sidered have been reported earlier (7). The present paper takes up 
the crossing relationships of species where forms observed or reported 
to be polyploid are involved. In these crosses the materials and methods 
have been identical in source and use as described for the studies 
among diploids alone (l.c.). 

A considerable number of seedlings, of sufficient size for character 
study, have become available from the earlier crosses. Scrutiny of this 
Fi material indicates that the great majority of the seedlings from the 
controlled crosses are true hybrids. 

Where there is no evidence to the contrary we have considered 
the relative ease with which a cross is effected as indicating the degree 
of genetic affinity and relationship existing. Where the Caninae roses 
are seed parents, however, it is necessary, despite our seedling obser- 
vations, to consider the possibility of the frequent heavy seed setting 
as being due to some type of apomixis and not to actual fertilization 
(6, 9, 10). The data are presented so as to show the compatibilities 
existing between different species, or between different groups of 
species. The data from the crosses have been considered when the 
parent species were grouped from each of the following three stand- 
points: (a) chromosome numbers ; (b) taxonomic sections (following 
Rehder’s classification) and; (c) genetic groups (following Hurst’s 
system). 

Resxtlts and Discussion 

1. Parental Species Grouped According to Chromosome Numbers 

For reported chromosome counts reference has been made to the 
papers of Blackburn (1), Erlanson (2), Hurst (4, 5, 6), Tackholm 
(9, 10), and to the chromosome lists of Tischler (12), and Gaiser (3). 
In many cases, and evSpecially in instances of questionable material, 
chromosome counts have been made on our parental forms. Where 
there was good reason to doubt the authenticity of named material or 
of reported chromosome numbers of either parent of a cross, the cross 
is excluded from present consideration unless verification has been 
possible. 

While report of the cytological findings will appear later we may 
note several points here which make for clarity in the tables. Among 
our three plants of Rosa blanda were two diploids (2n = 14) and one 
tetraploid (2n = 28). The tetraploid is not readily discernible from 
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Abreviations used in Tables I to X inclusive are as follows: 
R. coriifolia Froebeli = cor. Froe. 

R. damascena trigentipetala-dam. trig, 

R. foetida bicolor =foet. bicol. 

R. gallica conditorium = gall. cond. 

R. gallica splendens == gaU. spl. 

R. hibemica gravesii—hibemica grav. 

R. moschata floribunda = moschata flor. 

R. multiflora cathayensis = mult. cathay. 

R. multiflora chenault==mult. chenault 
R. multiflora platyphylla = mult. plat. 

R. multiflora upright = mult, upright 
R. multiflora Welch — mult. Welch 
R. spinosissima = sponosiss. 

R. villosa recondita=villosa recond. 

R. Wichuraiana (r’d) =Wichuraiana 


TABLE I — Crosses Between Diploid and Tetraploid Rose Species 


Cross 

No. 

Seed Parent 
(Diploid) 

Pollen Parent 
(Tetraploid) 

No. 

Flowers 

Crossed 

Per 

Cent 

Set 

Seeds Per Hip 

Per 

Cent 

Filled 

Crossed 

0. P. 

-39 

Beggeriana (5)tDD$ 

foet. bicol. (1) BBDD 

11 

0 





.. 

-39 

Beggeriana (SlfDDt 

xanthina allard (1) 

14 

0 

— 

- 


33-37 

blanda B (5) DD 

foet. bicol. (1) B^DD 

j39 

8 

5.7 

22.0 

26 

52-37 

blanda B (5) DD 

gall, spl.** (2) AACC 


62 

22.4 

22.0 

102 

53-37 

blanda B (5) DD 

saturata* (6) CCDD 

45 

24 

27.5 

22.0 

125 

-37 

Giraldii (5) EE 

foet. bicol. (I) BBDD 

26 

0 




-37 

Giraldii (5) EE 

gall, spl.** (2) AACC 

27 

0 


— — 

•w. 

-37 

Giraldii (5) BE 

oxyodon DDEB 

23 

0 

,.-■1 . 

— — 



-37 

Giraldii (5) EE 

saturata (5) CCDD 

47 

2 


- ■ 



-37 

Giraldii (5) EE 

saturata (6) CCDD 

25 

0 

. 




71-38 

Helenae* (6) AA 

foet. bicoi. (1) BBDD 

9 

22 

1.0 

10.4 

10 

-39 

Helenae* (6) AA 

foet. bicol. (1) BBDD 

29 





60-38 

Helenae* (6) AA 

Manettii (7) 

10 

10 

1.0 

10.4 

10 

77-39 

Helenae* (6) AA 

xanthina ^lard (1) 

13 

15 

1.0 

10.4 

10 

20-37 

lucida alba (4) 

bella* (5) BBEE 

20 

40 

17.1 

47.2 

86 

46-381 

lucida alba (4) 

dam. trig.* (2) AACC 1 

13 

8 1 

2.0 

47.2 

4 

-38 

lucida alba (4; 

foet. bicol. (1) BBDD 

16 

0 1 




39-39 

lucida alba (4) 

foet. bicol. (l) BBDD 

12 

25 

4.7 

47.2 

10 

18-37 

lucida alba (4) 

gallica (2) AACC 

23 

4 

2.0 

47.2 

4 

-38 

lucida alba (4) 

gall, spl.** (2) AACC 

13 

9 , 




-38 

lucida alba (4) 

Manettii (7) 

13 i 

0 



... 

-37 

lucida alba (4) 

setipoda* (5) AAEE 

23 

0 




49-38 

lucida alba (4) 

suffulta (5) CCDD 

15 

20 

8.7 

47.2 

18 

42-38 

lucida alba (4) 

xanthina allard (1) 

15 ; 

13 

3.5 

47.2 

7 

40-39 

lucida alba (4} 

xanthina allard (l) 

0 

22 

0.0 

47.2 

19 

63-38 

multifiora* (6) AA 

foet, bicol. (1) BBDD 

31 

13 

2,0 

10-3 

19 

—38 

mult, cathay. (6)AA 

foet. bicol. (1) BBDD 

17 

0 1 




-39 

mult, cathay. (6)AA 

foet. bicol. (1) BBDD 

24 

0 




-39 

mult, cathay. (6)AA 

gall, cond.* (2) AACC 

28 

0 





66-38 

mult, cathay. (6)AA 

Manettii (6) 

20 

5 1 

2.0 

10.6 

19 

—38 

mult, cathay. (6)AA 

moschata dor. (6) 

11 

0 




52-39 

mult, cathay. C6)AA 

xanthina allard (1) 

31 

3 

2.0 

10.6 

19 

64-38 

mult, chenault (6) 

foet. bicol. (1) BBDD 

25 

4 ' 

2.0 

9.3 

22 

—36 

mult. Iowa 

damas. trig,* (7) AACC 

13 

23 




-36 

mult- Iowa 

foet. bicol. (1) BBDD 

9 

11 

. 



-36 

mult. Iowa 

gallica (2) AACC 

8 

0 




—36 

mult. Iowa 

ludda (4) CCDD 

12 

0 

, 



-36 

mult. Iowa 

spinosissima* (1) BBCC 

10 

0 




-39 

mult, upright (6) AA 

foet. bicol. (1) BBDD 

24 

0 




63-39 

mult, upright (6) AA 

gall. cond.*(2) AACC 

21 

43 

3.4 

10.4 

33 

58-39 

mult, upright (6)AA 

xanthina allard (1) 

23 

13 

1.7 

10.4 

16 


V ■ ® numDer pi ttos fonti accepted as rc«>orted by others; not counted by us. 


nwic section, after Rehder (1940). see table, 
ssification. 
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TABLE II — Crosses Between Diploid and Pentaploto Rose Species 


Cross 

No. 


Seed Parent 
(Diploid) 


Pollen Parent 
(Pentaploid) 


No. 

Flowers 

Crossed 


Per 

Cent 

Set 


Seeds Per Hip 


Crossed O. P. 


Per 

Cent 

Filled 


-39 Beggeriana (5)tDDt 
-39 Beggeriana (5)tDDi 
-39 


_ Helenae (6) AA 
44-38 lucida alba (4) 
lucida alba (4) 

. lucida alba (4) 

-38 lucida alba (4) 

'mult, cathay. (6)AA 
mult, cathay. C6)AA 
mult, cathay. (6)AA 
mult, cathay. C6)AA 
mult, cathay. (6) A A 
mult. Iowa (6) AA 
mult. Iowa (6) AA 
mult, upright* (6) AA 
mult. Welch (8)AA 
setigera (2) AA 
setigera (2) AA 


-38 

-38 

-39 

-39 

-39 

-36 

-36 

59-39 


122-38 

-38 

-38 

-39 

-39 

-39 

-39 

-39 

86-38 

-39 

-37 

-38 

-37 

79-38 

85-39 

104-38 

88-39 

90- 39 

91- 39 i 
95-39 

113-381 

-37] 

-37! 


setigera (2) AA 
setigera C (6) AA 
setigera C (6) AA 
setigera A (6) 
Soulieana ( 6 ) A A 
Soulieana (6) A A 
Soulieana (6) AA 
Soulieana (6) AA 
Soulieana (6) AA 
Soulieana (6) AA 
Soulieana (6) AA 
Soulieana (6) AA 
Wichuraiana (6) AA 
Wichuraiana (6) AA 
Wichuraiana (6) AA 
Wichuraiana (6) AA 
Wichuraiana (6) AA 
Wichuraiana (6) AA 
Wichuraiana (6j AA 
Willmottiae (5) BB 
Willmottiae (5) BB 


cor. Proe** (3) AC DDE 
morica 

cor. Froe.** (3) ACDDE 

canina (3) AABDE 

cor. Froe.** (3; ACDDE 

inundi 

mundi 

Alberti (5) 

canina* (3) AABDE 

canina* (3) AABDE 

cor. Froe.** (3) ACDDE 

ferox* (3) 

morica 

mundi 

canina* (3) AABDE 
mundi 

canina* (3) AABDE 

morica 

mundi 

cor. Froe.** (3) ACDDE 

morica 

mundi 

Alberti (6) 

banksiopsis (5) 

canina* (3) AABDE 

canina* (3) AABDE 

morica 

morica 

mundi 

mundi 

Alberti (5) 

canina* (3) AABDE 

canina* (3) AABDE 

cor. Froe.** (3) ACDDE 

ferox* (3) 

morica 

mundi 

morica 

I mundi 


12 

U 

13 

14 
31 
18 

13 
27 
12 
24 
27 
37 

7 

6 

20 
10 
ca. 20 
ca. 20 
ca. 20 

14 
13 
13 
20 
20 
23 
21 
37 
19 
45 
23 
17 
23 
17 
22 
10 
22 
17 
11 

15 


0 

0 

0 

14 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

0 

5 

0 

0 

0 

0 

0 

0 

0 

17 

0 

0 

0 

0 

9 

65 

17 

35 

9 

20 

5 

24 

0 

0 


21.5 


1.0 

1.0 


1.3 


LO 

4.0 

2.6 

4.5 

1.0 

2.5 
3.0 

1.5 


47.2 


7.0 


7.0 

23,86 

23.85 

23.85 

23.86 
23.86 
23.86 
23.85 


10 

20 


IS 


14 

17 

10 

19 

4 

10 

33 

6 


♦Chromosome number of this form accepted as reported by others; not counted by us 
f»No chromosome count made or reported on this form, but all counts for this species ‘and its 
varieties suggest the mdicated number. 

tNumber in parenthesis refers to generic section, after Rehder (1940), see table. 

JLetters refer to Hurst’s septet classification. 


In roses the basic chromosome number is 7. In the crosses reported 
here, diploid, tetraploid, pentaploid, hexaploid and (probably) octo- 
ploid parents were used. Nineteen different combinations of chromo- 
some numbers were attempted. Rosa cinnamomea was the only octo- 
ploid, or near-octoploid, species that was used, and exact counts on 
our plants of this form have not been made. Since the number is defi- 
nitely very n^r 56, crosses involving this form are included for any 
possible additional information available from them. 

^ ^ inclusive record crosses attempted from 1936 through 

1939. The crosses in these tables are arranged on the basis of respec- 
tive chromosome numters of seed and pollen parents. The left hand 
column of each table gives information relative to the number of the 
CTOss; if unsuccessful a number, as -36 or —39, records the year of 
me ^ttOTpt ,_ii mccessful a number has been assigned to the cross as 
Jd-J/ (see Table I, near top) which means this was the thirty-third 
successful cross to genninate in the year 1937. In the sixth column 
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TABLE III— Crosses of Diploid With Hexaploid and Octoploid 
Rose Species 


Cross 

Seed Parent 

Pollen Parent 

No. 

Flowers 

Crossed 

Per 

Seeds Per Hip 

Per 

No. 

(Diploid) 

Cent 

Set 

Crossed 

0. P. 

Cent 

Filled 

-39 

Beggeriana (5)tDDt 
Beggeriana (5)TDDt 
mult. Cathay. {6)AA 

3X X6X 

hibernica glabra (1) 
nutkana (5)AADDEE 

14 

0 




-39 

13 

0 






-39 

hibernica glabra (1) 
nutkana (5) AADDEE 

2.5 

0 

- ■ . 





-36 

mult. Iowa (6) AA 

10 

0 







mult. Welch (6) AA 
setigera (6) AA 

nutkana (,5) AADDEE 

16 

0 




— ' 

-38 

nutkana (5) AADDEE 

ca. 20 

0 







-39 

setigera A (6) AA 
setigera C (6) AA 

nutkana (5) AADDEE 

11 

0 






-39 

hibernica gravesii (1) 

1.5 

0 






-39 

setigera C (6) AA 

Macounii (5) 

14 

0 






-37 

SouUeana (6) AA 

nutkana (5) AADDEE 

30 

0 






78-38 

SouUeana (6) AA 

nutkana (5) AADDEE 

18 

11 

1,0 

7.0 

14 

93-39 

Wichuraiana (6) AA 

hibernica glabra (1) 

21 

14 

1.0 

23.85 

4 

-39 

Wichuraiana (6) AA 

hibernica gravesii (1 1) 

19 

0 



— - 

94-39 

Wichuraiana (6) AA 

Macounii (5) 

19 

11 

1.5 

23.85 

6 

100-39 

Wichuraiana (6) AA 
Woodsii (5) DD 

nutkana (5) AADDEE 

21 

5 

1.0 

23.85 

4 

44-37 

nutkana (5) AADDEE 

36 

47 

18.5 : 

15.3 

121 

-39 

mult, cathay, (6)t 
mult, cathay. (6)t 

2 X X sx (?) 

cinnamomea (6) 

25 

0 




-39 

cinnamomea (5) 

28 

0 

— 


— 

87-38 

SouUeana (6) 
SouUeana (6) 

cinnamomea (,5) 

17 

12 

1.5 

7.0 

21 

-39 

citmamorrtfea (5) 

21 

0 

— 



10,5-38 

Wichuraiana (6) 

cinnamomea (5) 

18 

17 

2.3 

23.85 

10 

87-39 

Wichuraiana (6) 

cinnamomea (5) 

19 

5 

1.0 

23.85 

4 


♦Chromosome number of this form accepted as reported by others; not counted by us. 

**No chromosome count made or reported on this form, but all counts for this species and its 
varieties suggest the indicated number. 

tNumber in parenthesis refers to generic section, after Rehder (1940), see table. 

^Letters refer to Hurst’s septet classification. 


is found the average number of seeds per hi^ resulting from the con- 
trolled pollinations, while in the seventh column appear the average 
number of seeds in from 10 to 20 open-pollinated fruits of the seed 
parent. Number of seeds per hip in open-pollinated fruits were secured 
in 1939 except for Rosa Beggcriana, R„ gallica, ^nd i?, Woodsii where 
1940 counts were made. The figures in the last or “per cent filled"' 
column are based on this average number of seeds in 1939 (or 1940) 
open-pollinated fruitvS as 100 per cent. This per cent is used as one 
measure of fertility for the various crosses. Doubtless the 100 per cent 
point of fill will sliow some, but very probably not marked, fluctuation 
from year to year. 

As where diploids are crossed with diploids, some species set much 
more readily in interspecific crosses than others. Where diploid seed 
/parents were crossed with polyploids in an appreciable number of 
cases Rosa SouUeana and R. Wichuraiana gave results above the 
average. For all diploids 46 per cent of species crosses and 14 per cent 
of pollinations set ; for SouUeana tliese figures were 48 and 19.5 per 
cent respectively ; and for Wichuraiana the per cents were 76 and 15. 
Among the tetraploid seed parents gallica (but not its varieties) was 
exceptional. For all tetraploid crosses per cents of crosses and of 
pollinations settings were 50 and 17 respectively; for gallica alone 
these figures were 79 dnd 37, much above the average in each case. 
The three pentaploid seed parents used all gave good results but 
canina was the best of the three in our crosses. 
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TABLE IV— Crosses Between Tetraploid and Diploid Rose Species 


Cross 

No. 

Seed Parent 
('Tetraploid) 

Pollen Parent 
(Diploid) 

No. 

Flowers 

Crossed 

Per 

Cent 

Set 

Seeds Per Hip 

Per 

Cent 

Pilled 

Crossed 

0. P. 


bella* (5)t BBEEi 

mult, chenault* (6) AA 

12 

0 

— 



-38 

bella* (5)t BBEEt 

mult. Welch (6) AA 

12 

0 

— — 


— 

-37 

bella* (5)t BBEEJ 

odorata (7) 

17 

0 



— 

-37 

blanda A (5) 

nmltiflora Iowa (6) 

49 

0 


— 

—• 

-37 

centifolia (2) AACC 

odorata (7) 

22 

0 

— 


— 

-37 

damas. trig.* (7)AACC 

abyssinica (6) AA 

25 

0 

— — 


— 

-39 

damas. trig.* (7)AACC 

gigantea* (7) AA 

12 

0 




— 

39-37 

damas. trig.* (7)AACC 

lucida alba (4) 

25 

36 

13.1 

10.3 

127 

-37 

-39 

damas. trig.* (7)AACC 
damas. trig.* (7) AACC 

multiflora* (6) AA 
mult, chenault (6) AA 

35 

14 

0 

0 

— 


z 

8-37 

damas. trig,* (7) AACC 

mult. Iowa (6) AA 

34 

3 

1.0 

10.3 

10 

-39 

damas. trig.* (7)AACC 

mult, upright (6) AA 

12 

0 

— 

“ 


-37 

damas. trig.* (7) AACC 

odorata (7) 

27 

0 



“ 

— 

-39 

damas. trig.* (7)AACC 

odorata (7) 

13 

0 

— 


— 

68-39 

damas. trig.* (7) AACC 

ru§EOsa (5) CC 

15 

67 

7.8 

10.3 


34-37 

damas. trii,* (7)AACC 

Wichuraiana (6) AA 

20 

20 

1.8 

10.3 

17 

57-37 

gailica (2) AACC 

blanda (5) DD 

21 

81 

26 

25.0 

104 

24-38 

gallica (2) AACC 

Fendleri* (5) DD 

15 

27 

16.2 

25,0 

66 

30-38 

gailica (2) AACC 

Giraldii (5) EE 

14 

14 

14.0 

25.0 

56 

26-38 

gallica (2) AACC 

Hugonis* (1) BB 

16 

38 

13.8 

25.0 

55 

?-38 

gallica (2) AACC 

inuitiflora* (6) AA 

19 

58 

29,7 

25.0 

119 

-38 

gallica (2) AACC 

mult, chenault (6) AA 

14 

0 

— — 


— , 

61-37 

gallica (2) AACC 

multiflora Iowa (6) AA 

30 

2.3 

10.1 

25,0 

40 

59-37 

gallica (2) AACC 

raultiflora Welch (6) A A 

28 

43 

18.7 

25.0 

75 

54-37 

gallica (2) AACC 

odorata (7) 

46 

24 

7.8 

25.0 

31 

22-38 

gallica (2) AACC 

ipisocarpa (5) DD 

16 

31 

S<iA 

25.0 

134 

55-37 

gallica (2) AACC 

rugosa (5) CC 

28 

71 

31.5 

25.0 

126 

-38 

gallica (2) AACC 

Willmottiae (5) BB 

16 

0 

■ 

— — • 

— 

32-37 

gallica (2) AACC 

Woodsii (5) DD 

27 

22 

267. 

25.0 

— 

29-38 

gallica (2) AACC 

xanthina (1) BB 

13 

46 

13.8 

26,0 

55 

-37 

gall, spl.** (2) 

Giraldii (5) 

23 

0 

— — 


— 

—36 

gall, spl.** (2) 

mult, cathay. (6) 

9 

0 

— — 

— — 

— 

-37 

gall, spl.** (2) 

mult. Iowa (6) 

27 

0 

— — 



-37 

gall, spl.** (2) 

mult, platyphylla (6) 

36 

0 

— — 


— 

1-37 

gali. spl.** (2) 

pisocarpa (5) 

26 

8 

6.6 

6.8 

112 

10-37 

gall, spl.** (^ 

xanthina (1) 

26 

4 

1 

6.8 

17 

-38 

lucida (4) CCDD 

abyssinica (6) AA 

12 





— 

-38 

lucida (4) CCDD 

mult, chenault (6) AA 

14 

0 

— — 

— — 


2-37 

lucida (4) CCDD 

mult, Iowa (6) AA 

19 

5 

8. 

37.4 

21 

-38 

lucida C4) CCDD 

mult, upright (6) AA 

16 

0 





-38 

lucida (4) CCDD 

mult. Welch (6) AA 

14 

0 

— — 



-38 

lucida (4) CCDD 

odorata (7) 

13 

0 

— — 



—37 

lucida (4; CCDD 

rugosa (5) CC 

29 

0 

— — 



-37 

lucida (4) CCDD 

Wichuraiana (6) AA 

22 

0 


— — , 



lucida (4) CCDD 

xanthina (1) BB 

14 

0 


— 

— 

72-35 

> moschata fior. (6) 

mult, upright (6) 

26 

96 

5.7 

14.5 

39 

38-37 

nitida (4) CC 

lucida alba (4) 

19 

26 

3,2 

33.8 

9 


’ nitida (4) CC 

rugosa (5) 

21 

0 

— 

— 


-3: 

' oxyodon DDEE 

mult, chenault (6) AA 

13 

0 



— 

-37 

' oxyodon DDEE 

mult. Welch (6) AA 

10 

0 



— 

-3' 

' oxyodon DDEE 

odorata (7) 

14 

0 




-37 

' setipoda* (6) AABE 

mult, cathay. (6) A V. 

49 

0 




-3*: 

' setipoda* (5) AABE 

mult. Iowa (6) AA 

28 

0 



— 

-37 

' setipoda* (6) AAEE 

odorata (7) 

32 

0 



. 


‘•'Chromosome number of this form accepted as reported by others; not counted by us. 

**No chromosome count made or reported on this form, but all counts for this species and its 
varieties suggest the indicated number. 

tNumber in parenthesis refers to generic section, after Rehder (1940), see table. 

^Letters refer to Hurst's septet classification. 


Table XI summarizes the crosses listed in Tables I to X, and in 
addition includes data from diploid by diploid crosses for completeness 
aiid comparison. 

(^Effectiveness of Parents on Basis of Chromosome Grouping : — 
/Comparing the figures of Table XI it would seem that on the basis 
/of chromosome numbers the pentaploids are easily the best seed par- 
I exits, while the tetraploids and diploids are close together in value, 
with good setting percentages both of interspecific combinations and 
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TABLE V — Crosses Between Tetraploid Rose Species 


Cross 

No. 

Seed Parent 

Pollen Parent 

No. 

Flowers 

Crossed 

Per 

Cent 

Set 

Seeds Per Hip 

Per 

Cent 

Pilled 

Crossed 

0. P. 

-39 

blanda A (6)t 

foet. bicol. (1) 

23 

0 




___ 

48-37 

blanda A (5)t 

oxyodon 

41 

49 

8.6 

8.06 

107 

.1-39 

blanda A (5)t 

xanthina allard (1) 

12 

8 

1.0 

8.06 

12 

-38 

bella (5) BBEEJ 

damas. trig.* (2)AACC 

11 

0 




-37 

bella (5) BBEEJ 

foet. bicol. (1) BBDD 

17 

0 

— 

— — 


—38 

bella (5) BBEEJ 

Manettii (6) 

13 

0 







-37 

centifolia (2) AACC 

foet. bicol. (l) BBDD 

19 

0 

— 

— 



11-37 

damas. trig.* (2) AACC 

foet. bicol. (1) 

17 

12 

1.0 

10.3 

10 


damas. trig.* (2) AACC 

foet. bicol. (1) 

13 

0 

— 



-39 

damas. trig.* (2) AACC 

xanthina allard (1) 

13 

0 





56-37 

gallica (2) AACC 

foet- bicol. (1) BBDD 

32 

22 

10.4 

25.0 

40 

-38 

gallica (2) AACC 

foet. bicol. 0) BBDD 

17 

0 

— 



60-37 

gallica (2) AACC 

oxyodon DDEE 

21 

67 

23.0 

25.0 

92 

62-37 

gallica (2) AACC 

saturata* (5) CCDD 

29 

69 

33.4 

25.0 

134 

27-38 

gallica (2) AACC 

suffulta (5) CCDD 

19 

42 

28.2 

25.0 

113 

28-38 

gallica (2) AACC 

xanthina allard (1) 

13 

54 

7.3 

25.0 


51-38 

lucida (4) CCDD 

foet. bicol. (1) BBDD 

12 

8 

2.0 

37.4 

5 

-37 

lucida (4) CCDD 

gallica (2) AACC 

28 

0 

— — 



-38 

lucida (4) CCDD 

Manettii (7) 

15 

0 

— 


— 

37-37 

lucida (4) CCDD 

setipoda* (5) AAEE 

26 

85 

34.5 

37.4 

92 

-38 

lucida (4) CCDD 

xanthina allard (1) 

16 

0 




-39 

moschata flor. (6) 

foet. bicol. (1) BBDD 

29 

0 




— 

-39 

moschata flor. (6) 

moschata flor. (6) 

53 

0 





74-39 

moschata flor. (6) 

xanthina allard (1) 

27 

7 

1.0 

14.5 

7 

-37 

nitida (4) 

gallica (2) 

13 

0 

— 


— 

31-37 

nitida (4) 

setipoda* (5) 

23 

35 

14.9 

33.8 

40 


*Chroinosome number of this form accepted as reported by others; not counted by us. 
t Number in parenthesis refers to generic section, after Rehder (1940), see table. 
jLetters refer to Hurst’s septet classification. 


TABLE VI—Crosses of Tetraploid With Pentaploid, Hexaploid and 
O cTOPLOiD (?) Rose Species 


Cross 

No. 

Seed Parent 
(Tetraploid) 

Pollen Parent 

No. 

Per 

Seeds Per Hip 

Per 

Flowers 

Crossed 

Cent 

Set 

Crossed 

0. P. 

Cent 

Pilled 

-39 

damas. trig.*(2)tAACC 
damas. trig.*(2lTAACC 

4X X sX. 
canina* (3) AABDB 

14 

0 




-39 

cor. Froe.**(3)ACCDE 

7 

2 

— — 

26.0 

— 

-38 

gallica (2) 

morica 

14 

7 

2.0 

S 

-38 

gallica (2) 

fucida (4) CCDD i 

mundi 

17 

30 

8.0 

26.0 

32 

-38 

canina* (3) AABDB 
coriifolia* (3) ACDDB 

13 

0 




5~37 

lucida (4) CCDD j 

20 

5 

4.0 

37.4 

11 

4X X6X 

70-391 damas. trig. (2) AACC inutkana (51 AADDBB I 


1 80 1 

I 10.5 1 

10.3 1 

I 102 

68-37lganica (2) AACC I 

Inutkana (5) AADDBB 1 

1 31 1 

1 58 1 

!■ 15.7 1 

126. 1 

1 63 

4X X SX (?) 

-3S|gallica (2) ICinnamomea (5) I 

16 1 

0 1 

1 j 

1 

1 — 


♦Chromosome number of this form accepted as reported by others; not counted by us. 

♦♦No chromosome count made or reported on this form, but all counts for this species and its 
varieties suggest the indicated number. , . x 

tNumber in parenthesis refers to generic section, after Rehder (1940), see table. 

^Letters refer to Hurst’s septet classification. 


total pollinations. Where seed parents were pentaploid about 80 per 
cent of the crosses set, where they are tetraploid about 50 per cent set, 
and where diploid about 40 per cent set (with one exception), regard- 
less of the number of chromosomes in the pollen. This consistency 
would seem to speak for the significance of the figures. Hexaploids 
and octoploids can not be included in this group comparison because 
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TABLE VII— Crosses Between Pentaploio and Diploid Rose Species 


1 


_No. 


Seeds Per Hip 

JPer 

' No. (Pentaploid) 

(Diploid) 

Crossed 

Set 

Crossed 

0. P. 

Cent 

Filled 

16-39 caoina (3)t AABDE 

blanda** (5) 

14 

4.3 

2.2 

21.8 

10 

17-39 canina (3) AABDEJ 

fendleri (5) DD 

16 

1.3 

1.0 

21.8 

5 

19-39 canina (3) AABDEt 

gigantea (7) AA 

1 12 

8*3 

8.9 

21.8 

41 

-39 canina (3) AABDEt 

Giraldii (5) EE 

12 

0 

— 



73-38 canina (3) AABDEt 

mult, chenault (6) A A 

12 

S 

3.0 

21.8 


21-39 canina (3) AABDE? 

mult, chenault (6) AA 

14 

29 

1.8 

21.8 

8 

-38 canina (3) AABDE? 

mult, upright (6) AA 

10 

0 

— 


— , 

6-39 canina 3) AABDEt 

mult, upright (6) AA 

16 

44 

3.7 

21.8 

17 

7^39 canina (3) AABDEt 

odorata (7) 

22 

77 

2,5 

21.8 

11 

-38 canina (3) AABDE? 

odorata (7) 

11 

0 

— — 


— 

13-39 canina (3) AABDE? 

rugosa (5) CC 

26 

73 

10.4 

,21.8 

48 

-38 cor. froe.** (3) ACDDE 

hugonis* BB (1) 

11 

— i 

— — 



36-37 cor. froe.** (3) ACDDE 

lucida alba (4) 

21 

67 

12.6 

20.3 

62 

27-37 cor. froe.** (3) ACDDE 

mult, cathay. (6) AA 

13 

15 

4.0 

20.3 

20 

-.38 cor. froe.** f3) ACDDE 

mult, chenault (6) AA 

12 

0 

— 



24-37 cor. froe.** (3) ACDDE mult. Iowa (6) AA 

17 

6 

5.0 

20,3 

26 

34-38 cor. froe.** (3) ACDDE 

Imult. Iowa (6) AA 

11 

18 

6.5 

20.3 

32 

-38 cor. froe.** (3) ACDDE 

mult. Welch (6) AA 

12 

0 




— 

3-37 cor. froe,** (3) ACDDE odorata (7) 

25 

20 

3.0 

20.3 

15 

31-38 cor. froe.** (3) ACDDE odorata (7) 

U 

0 

1.0 

20.3 

6 

26-37 cor. froe.** (3) ACDDE 

rugosa (6) CC 

9 

22 

3.0 

20.3 1 

15 

33-38 cor. froe.** (3) ACDDE 

rugosa alba (5) CC 

12 

25 

1.3 

20.3 

6 

14-37 cor. froe.** (3) ACDDE 

Wichuraiana (6) A A 

19 

16 

13.7 

20.3 

67 

-38 cor. froe.** (3) ACDDE 

xanthina (1) BB 

1.3 

0 

— 


— - 

-37 rubiginosa (3) ABBCD 

abyssinica (6) AA 

19 

0 



— 

34-39 rubiginosa (3) ABBCD 

gigantea (7) AA 

17 

29 

14.4 

27.5 

62 

21-37 rubiginosa (3) ABBCD 

mult, cathay. (6) AA 

19 

21 

23.2 

27.6 

84 

26-39 rubiginosa (3) ABBCD 

mult, cathay. (6) AA 

21 

9.5 

11.2 

27.5 

41 

27-89 rubiginosa (3) ABBCD 

mult, chenault (6) AA 

23 

13 

2.7 

27.5 

10 

-37 rubiginosa (3) ABBCD 

mult. Iowa (6) AA 

24 

0 




28-39 rubiginosa (3) ABBCD 

mult, upright (6) AA 

17 

47 

4.4 

27.5 

16 

-37 rubiginosa (3) ABBCD 

odorata (7) 

24 

0 

— — ~ 



30-39 rubiginosa (3) ABBCD 

odorata (7) 

20 

50 

3.4 

27.5 

12 

22-3'7 rubiginosa (3) ABBCD 

Wichuraiana (6) AA 

31 

13 

24 

27.6 

87 


♦Chromosome number of this form accepted as reported by others; not counted by us. 

**No chromosome count made or reported on this form, but all counts for this species and its 
varieties suggest the indicated number. 

•{•Number in parenthesis refers to generic section, after Rehder (1940), see table. 

jLetters refer to Hurst's septet classification. 

of the small number of crosses. It may be pointed out, however, that 
where hexaploicl RosO' mitkana (Table IX) and octoploid R, cinm- 
momea (Table X) were used as seed parents in attempted crosses, 
setting percentages were very low. 

If a significant per cent of maternals should appear among the 
future progeny from pentaploicl seed parents, as might be expected 
from the work of Tackholm and of Hurst (I.c,), these seed parent 
ratings would need revision. On the basis of present data, however, 
pentaploids must be considered the outstanding seed parent chromo- 
some group. 

/ Thompson (11) and others have pointed out the interesting obser- 
yation that in most plant genera interspecific crosses between parents 
^th different chromosome numbers are more apt to be successful if 
the species with the higher chromosome number is used as the seed 
parent than in the case of the reciprocal crosses. The nature of the 
main aim of the present problem has resulted in only a small number 
of actual reciprocal species crosses in the present instance. However 
it is desirable from the practical plant breeding standpoint of securing 
adequate numbers of seedlings from which to select desirable material 
for testing, to know if the relative size of the chromosome number of 





sx X4X 

76-38 canina (3)t AABDEt foet. bicol. (1) BBDD 11 18 2.0 21.8 9 

5-39 canina (3.)t AABDEt foet. bicol. (1) BBDD 19 32 1.7 21.8 8 

18-39 ?anma (3)t AABDEJ gall, cond.* (2) AACC 12 100 10.5 21.8 48 

74-38canma (3)" AABDEt Manettii (7) 13' 69 4.0 21.8 18 

9-39 canina (3)" AABD]^ xanthina allard (1) 15 20 1.7 21.8 8 

12-37cor.froe.**(3)ACDDB foet. bicol. (1) BBDD 14 21 1.3 20.3 6 

32-38 cor. froe.** (3) ACDDE foet. bicol. (1) BBDD 12 8 1.0 20.3 6 

-37 cor. froe.** (3) ACDDE gallica splendens** (2) 17 0 — 

37-38 cor. froe.** (3) ACDDE suffulta (5) CCDD 11 56 12.8 20.3 63 

36-38 cor. froe.** (3) ACDDE xanthina allard (1) 13 15 3.5 20.3 17 

23-37 rubiginosa (3) ABBCD foet. bicol. (1) BBDD 25 12 6.3 27.5 23 

31- 39 rubiginosa (3) ABBCD foet. bicol. (1) BBDD 21 43 3.2 27.5 12 

-39 rubiginosa (3) ABBCD xanthina allard (1) 21 0 — 

5X XSX 

16-39canma* (3) AABDE Alberti (5) 16 60 12.1 21.8 56 

20-39 canina* (3) AABDE morica 13 69 — 

23-39 canina* (3) AABDE mundi 14 71 8.1 21.8 37 

32- 39 rubiginosa*(3) ABBCD canina* (3) AABDE 23 70 18.6 27.6 68 

-39 rubiginosa* (3) ABBCD cor. froe.*^(3; ACDDE 18 0 — 

5X X6X 

22-39|canina (3) AABDE thibernica glabra (1) i 13 I 64 i 2.0 1 21.8 I 9 ' 

26-39|canina (3) AABDE Inutkana (5) AADDEE | 12 | 92 I 18.0 1 21.8 1 83 

SX XSX 

35-38lcor. froe.** (3) icinnamomea (6) ] 12 i 60 I 4.3 1 20.3 I 21 

33- 39 1 rubiginosa (3) Icinnamomea (5) I 15 I 87 I 23.3 1 27.6 I 85 

*Chromosome number of this form accepted as reported by others; not counted by us. 

**No chromosome count made or reported on this form, but all counts for this species and its 
varieties suggest the indicated number. 

tNumber in parenthesis refers to generic section, after Rehder (1940), see table. 
jLetters refer to Hurst's septet classification. 

There is apparently less difference in the effectiveness of forms in 
the various groups as pollen parents, than as seed parents, although 
it is probably more difficult to evaluate species on a basis of pollen 
potency. Indications from Table XI are that tetraploids are most potent 
as a pollen group, while pentaploids, especially in per cent of polli- 
nations setting, are least effective. Both of these indications are borne 
out, and somewhat strengthened, by considering the results of all 
crosses ; that is, those including all combinations of these pollen groups 
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table IX— Crosses of Hexaploid With Dipi.orn, Tetraploio, and 
O cTOPLom (?) Rosf, Species 


Cross 

No. 


Seed Parent 
(Hexaploid) 


P(jUen Parent 



-38 nutkana 
-38 ^ 

-38 
-37 
-38 
-37 
-38 
-38 
-37 


-38 nutkana (5) 
-38 nutkana (5) 
“38 nutkana (5) 


-38|nutkana (5) 


6X X 

Hugonis (1) BB 
multiflora (6) AA 
Iniult. chenault (6) A A 
mult. Iowa <6) AA 
mult. Iowa (6) AA 
mult. plat. (6) AA 
lodorata (7) 
rugosa (5) CC 
'Woodsii (5) DD 

6X X 4X 

Ifoet. bicol. (1) BBDD 
saturata (5) CCDD 
Ixanthina allard (1) 

6X X .VX (?) 
ICinnamomea (5) 


No. 

Per 

Flowers 

Crossed 

Cent 

vSet 

18 

0 

17 

0 

13 

0 

14 

0 

18 

0 

15 

0 

21 

0 

17 

0 

19 

0 



Per 

Cent 

Pilled 


13 

0 







10 

0 

— 



13 

0 

— 


— 


21.0 


8.8 I 238 


tNumber in parenthesis refers to generic section, after Rehder (1940), see table. 
JLetters refer to Hurst's septet classification. 


TABLE X— Crosses of Octoploid (?) With Diploid and Tetraploid 
Rose Species 


Iross 

No. 

Seed Parent 
(Octoploid) 

Pollen Parent 
(Diploid) 

No. 

Per 

Seeds Per Hip 

Per 

Flowers 

Crossed 

Cent 

set 

Crossed 

0. P. 

Cent 

Filled 

-38 

cinnamomea (5)1 


SX (?) X 2X 
mult, chenault (6) 

13 

0 




-38 

cinnamomea (5)i 


mult. Iowa (6) 

19 

0 

— 

- — — ' 


-38 

cinnamomea (5)1 


odorata (7) 

17 

0 



— 

-38 

cinnamomea (6)1 


rugosa (5) 

14 

0 

— 

• 


-SSlcinnamomea (5) 


SX (?) X 4X 
[foetida bicolor (1) 

! 

! Jt-, 


1 - - 




tNumber in parenthesis refers to generic section, after Rehder (1940), see table. 


TABLE XI — Summary op Crosses With Parents Grouped According to 
Chromosome Numbers, Showing Per Cents op Species 
Combinations and of Pollinations Setting* 


9 

2x 

4x 

5x 

6.n: 

Comb. 

Poll. 

Comb. 

Poll. 

Comb. 

Poll. 

Comb. 

Poll. 

2x 


16 

61 

13 

38 

6 

42 

8 

4x 


14 


20 

50 

8 



5x 


27 

80 

27 

80 

51 


— 

fix ! 


0 

— 

— 



— 

— 


*<>nly cases in which there were five or more species combinations made are considered here. 
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with hexaploid and octoploid seed parents, as well as those represented 
by the data of Table XL The small number of crosses, as where seed 
parent groups were considered, does not allow a comparative rating for 
pollen potency of the two high polyploid groups. Reference to Tables 
III, VI, VIII and IX, however, will show that per cents of species 
coriibinatidns and of pollinations setting with hexaploid and octoploid 
pollen were high, and suggest that such forms may be especially valu- 
able as pollen parents ; additional crosses involving these chromosome 
forms are neecled to confirm this. 

Comparison of Results of Diploid Crosses With Crosses Involving 
Polyploids: — In crosses between diploids alone (7) 94 species combi- 
nations and 4,755 pollinations were attempted, with about a fourth 
more of each, or 118 and 6,008 respectively, where polyploids were 
used. Species combinations setting for all crosses was 48.5 per cent, 
for diploid crosses alone was 43 per cent, and for all crosses with 
polyploids was 54 per cent. Where pentaploids were eliminated these 
per cents were 45.5, 43, and 48 respectively. In per cent of pollinations 
setting, the diploid crosses were slightly above, and the polyploid 
crosses somewhat below the set for all crosses. For of all crosses 15.5 
per cent, of diploid crosses 16 per cent, and of all polyploid crosses 
15 per cent of pollinations gave sets. Where pentaploids were elimi- 
nated these per cents were 14, 15, and 12 respectively. The deviations 
of per cents for the two different groups of crosses from that for all 
crosses appear to be small enough to be negligible. The same may 
be said for differences in setting per cents where pentaploids are 
included and excluded from the data. Tests of statistical significance 
w^ould appear to be meaningless here because of the number and 
nature of the factors affecting the results. 

2. Results Considered on Basis of Taxonomic Relations of Crossed 
Species 

The arrangement of species by generic sections set forth in Rehder's 
Manual of Cultivated Trees and Shrubs” (8) has been followed here, 
as in our previous paper. In Tables I to X the number in parenthesis 
following a species name refers to the taxonomic section to which 
Rehder (8) refers the species in question. The names of the generic 
sections corresponding to these numbers may be found in Table XII. 


TABLE XII — Rehder’s Sections of Rosa 


Second 

Edition 

(1940) 

First 

Edition 

(1927) 

Section 

Second Edition 
(1940) 



1 

Simplicifoliae* 

Subgenus Hulthemia 

1 

11 

Pimpinellifoliae 

Subgenus Burosa 

1 

12 

Luteae* 

Combined with Pimpinellifoliae 

1 

33 

Sericeae* 

Combined with Pimpinellifoliae 

2 

7 

Gallicanae 

Subgenus Eurosa 

3 

8 

Caninae 

Subgenus Eurosa 

4 

9 

Carolinae 

Subgenus Eurosa 

5 


Cinnaxnomeae 

Subgenus Eurosa 

6 

2 

Synstylae 

Subgenus Eurosa 

7 

6 

Indicae 


8 

3 

Banksianae 

Subgenus Eurosa 

9 

5 

Laevigatae 

Subgenus Eurosa 

10 

4 

Bracteatae 

Subgenus Eurosa 


14 

Minutifoliae* 


— 

15 




♦These sectional names not used in 1940 edition. 
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For completeness this table also lists the numbers of the sections as 
given in the first edition, and the subgeneric names, and inclusions as 
presented in the last edition, of Rehder’s work. Rosa morica, R. 
mundi, and R. oxyodon, which were used by us, are not included in 
Rehder’s list. Data from these species is omitted from consideration 
in this section. 

In Table XIII the partially summarized crossing data are arranged 
by numbers of the generic sections. The per cents of total species 
crosses and of total pollinations giving sets, and the per cent of fill 
of crossed hips — compared with open-pollinated hips — may all three 
be used as measures of crossing success in given individual crosses or 
groups of crosses. 

From Table XIII it is apparent that crosses have been made between 
species within four different sections, i.e.y Caninae, Carolinae, Cinna- 
momeae and Synstylae. A glance at the columns indicating fertility 


TABLE XIII— Crosses Partially Summarized With Seed Parent 
Groups Arranged According to Rehder’s Sections 


Sections Crossed 

No. of 
Sp. 

Crosses 

No. 

Giving 

Sets 

Per 

Cent 

Set- 

ting 

No. of 
Polli- 
nations 

No. 

of 

Sets 

Per 

Cent 

Set- 

ting 

Avg. Seeds Per 
Hip 

Per 

Cent 

Filled 

Crossed 

0. P. 

Gallicanae X 










Pimpinellifoliae . . . 

7 

2 

5 

0 

71 

0 

179 

21 

29 

0 

16 

0 

10,0 

20.5 

49 

Carolinae 

1 

1 

100 

25 

9 

36 

13.1 

10.3 

127 

Cinnamomeae .... 

13 

11 

85 

3U 

124 

40 

23.1 

20.9 

in 

Synstylae 

4 

3 

75 

302 

36 

12 

18.0 

19.1 

94 

Indicae 

4 

1 

25 

120 

11 

9 

7.8 

26.0 

31 

Caninae X 










Pimpinellifoliae . . . 

9 

6 

67 

187 

40 

21 

6.9 

22.4 

31 

Gallicanae 

2 

1 

50 

29 

12 

41 

10.5 

21.8 

48 

Caninae 

2 

3 

60 

41 

36 

39 

18.6 

27.5 

68 

Carolinae 

1 

1 

100 

21 

14 

67 

12.6 

20.3 

62 

Cinnamomeae .... 

9 

8 

89 

142 

66 

46 

11.0 

21.7 

51 

Synstylae 

6 

6 

S3 

290 

59 

20 

9.5 

23.6 

40 

Indicae 

6 

6 

100 

155 

67 

37 

5.1 

22.5 

23 

Carolinae X 










Pimpinellifoliae . . . 

5 

3 

60 

92 

8 

9 

5.0 

44.7 

n 

Gallicanae 

4 

2 

50 

90 

2 

2 

2.0 

47.2 

4 

Caninae 

4 

2 

60 

78 

3 

4 

15.7 

42.3 

37 

Carolinae 

1 

1 

100 

19 

5 

26 

3.2 

33.8 

9 

Cinnamomeae .... 

7 

4 

57 

157 

41 

26 

26.4 

41.4 

61 

Synstylae 

3 

1 

33 

97 

1 

1 

8.0 

37.4 

21 

Indicae . , 

3 

0 

0 

41 

0 

0 




Cinnamomeae X 



^ 1 





Pimpinellifoliae . , . 

15 

3 

20 

265 

5 

2 

5.2 

16.6 

32 

Gallicanae 

3 

1 

33 

67 

18 

27 

22,4 

22.0 

102 

Caninae 

1 

0 

0 

12 

0 

0 




Cinnamomeae .... 

9 

4 

44 

241 

30 

12 

22.2 

14.2 

156 

Synstylae 

5 

0 

0 

269 

Q 

n 




Indicae, 

5 

0 

0 

100 

0 

V 

Q 




Synstylae X 









Pimpinellifoliae , . . 

16 

12 

76 

682 

66 

10 

2.0 

12.8 

16 

Gallicanae 

10 

6 

60 

350 

63 

18 

4.0 

14.4 

28 

Caninae 

11 

6 

65 

296 

20 

7 

2.6 

16.8 

16 

Carolinae 

1 

0 

0 

12 

Q 

A 




Cinnamomeae .... 

20 

10 

60 

675 

77 

U 

13 


17.7 

21 

Synstylae 

4 

1 

25 

110 

26 

23 

5.7 

14.5 

39 

Indicae 

5 

4 

80 

89 

7 

8 

4.4 

12.4 

36 

Indicae X 










Pimpinellifoliae. , . 

1 

0 

0 

53 

0 

0 

— 
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by per cents of set and fill suggest that crosses between species in the 
same section are apt to be more successful than crosses between species 
in different sections. This is in agreement with our conclusion based 
on crosses among diploids. Thus where two crosses were made between 
species in the Caninae one of the two set, a good per cent of the polli- 
nations set, and a better fill of set hips was realized than in any other 
crosses where Caninae species were used as seed parents. 

In the single cross in which both species were in the Carolinae (Rosa 
nitida x R, lucida alba, Table IV) 26 per cent of the pollinations gave 
sets. This per cent was equalled in only one case in this seed group 
— where species of the Carolinae were pollinated by species of the 
Cinnaniomeae — and it was much better than in other cases where the 
pollen parents were from different sections. The per cent of fill of the 
hips in this case was low, however. 

Nine crosses were made between species belonging to the Cinna- 
momeae, and sets were secured from four of these. In only one case 
was the percentage of crosses giving sets exceeded when pollen parents 
from without the section were used, and here the excess was but slight. 
Per cent of pollinations giving sets, within Cinnamomeae, was low, 
but the per cent of fill of hips set was very high, much exceeding that 
of open pollinated hips. 

Where crosses were made between species within the Synstylae it 
is seen that a larger per cent of pollinations have set, and a higher per 
cent of fill secured, than where crosses are made between seed species 
of this and pollen species of other sections. This is true even though 
only one cross of four attempted resulted in sets. The fact that the 
cross Rosa moschata floribunda x R. multifiora upright was so success- 
ful (Table IV) makes the high per cents in the last “per cent set’' and 
the “per cent filled” columns appear to have a greater importance than 
is probably the actual case. 

Value oj Different Sections as Seed Parent Groups: — Table XIV 
is a summary of crosses with the seed parents in the different taxo- 
nomic sections being grouped. There are several points that have to 
be considered in evaluating the sections as seed parental groups. For 
one thing, as indicated by footnote three, since only one cross was 
involved with the Indicae its inclusion here should not necessarily 


TABLE XIV— Summary of Data With Seed Parents Grouped in 
Taxonomic Sections 


Sections of 
Seed Parent 

No. of 
Sections 
of Pollen 
Parent 

No. of 
Sp. 

Crosses 

No. 

Giving 

Sets 

Per 

Cent 

of 

Crosses 

Setting 

No. of 
Polli- 
nations 

No. of 
Sets 

Per 

1 Cent 
Setting 

Per 

Cent 

Pilled 

Gallicanae 

7 (H 

h3)* 

34 

24 

71 

1010 

228 

23 

86 

Caninae 

8 1 - 


37 

30 

81 

892 

283** 

32 

41 

Carolinae 

8 f- 

-D* 

28 

13 

46 

606 

60 

10 1 

46 

Cinnamomeae. . . 

7 (- 

-3)* 

43 

9 

21 

1046 

73 

7 1 

123 

Synstylae 

8 (- 

-2)* 

76 

42 

66 

2366 

265 

11 

22 

Indicae 

1 


It 

0 

0 

63 i 

0 

0 

— 


♦Figure in parenthesis refers to crosses with number of species not included by Rehder and of 
unestablished subgeneric section. 

♦♦274 sets used here in computing per cent filled, due to lack of seed number data in 9 cases, 
tinsufficient for significance, included for completeness. 
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suggest it to be the least desirable seed parent section. Also, the large 
per cent of fill where species of the Cinnamomeae were seed parents 
should be somewhat discounted because a larger number of pollen 
parents of this same section were used than in the case of other sections. 

When these points are considered together with the data an approxi- 
mate evaluation as seed parental groups of the various sections used 
in our crosses would place Gallicanae and Caninae at the top as about 
equally desirable on the face of things, but with the crossing value of 
the latter possibly having to be discounted because of chance of apo- 
mictic effect in some cases ; somewhat less valuable in our crosses were 
the three sections Carolinae, Cinnamomeae and Synstylae, all of about 
equal value, everything considered. Indicae can not be rated here on 
the basis of the present meager data with it. 

3. Results Considered on Basis of Hurst’s Grouping of Species 


TABLE XV— Summary of Data With Pollen Parents Grouped in 
Taxonomic Sections 


Sections of 
Pollen Parent 

No. of 
Sections 
of Seed 
Parent 

No. of 
Sp. 

Crosses 

No. 

Giving 

Sets 

Per 

Cent of 
Crosses 
Setting 

No. of 
Polli- 
nations 

No. of 
Sets 

Per 

Cent 

Setting 

Per 

Cent 

Pilled 

PimpinellifoUae. . 

6 

53 

29 

65 

1468 

148 

10 

23 

Gallicanae 

4 

19 

10 

53 

536 

95 

28 

31 

Caninae 

5 

20 

9 

45 

448 

39 

0 

36 

Carolinae ... 

4 

4 

3 

75 

77 

28 

36 

62 

Cinnamomeae. . . 

5 

58 

37 

64 

1426 

338 

24 

71 

Synstylae 


23 

10 

43 

1081 

120 

11 

47 

Indicae. ........ 

6(4-1) 

24 

11 

46 

519 

75 i 

14 

27 


♦Pigwe in parenthesis refers to crosses with number of species not included by Rehder and of 
unestablished subgeneric section. 


Hurst (4, 5) considers similar species to be geographical subspecies 
of a single empirical, or “differential septet'", species. Subspecies of 
one of these species, according to the theory, all exhibit similar botani- 
cal characters due to the presence of the same septet, or septet combi- 
nation, of chromosomes. There are five such basic sets, with a resultant 
five, and only five, diploid differential septet species. Hurst believes 
that evolution in roses has been by descent from an original decaploid 
ancestor and that the five diploid '‘genetic” species represent the ulti- 
mate in the rose genus, with a possible 206 additional, polyploid septet 
combinations, giving that many possible polyploid species of roses 
existing now or having existed in the past. His studies enabled him to 
assign definite septet formula to a number of the species used here. 
These have been indicated (by capital letters) in TaWes I to X. Pre- 
sumably the species most closely related genetically will cross with the 
greatest ease, barring complications such as the presence of incompati- 
bility factors. 

Consequently it has seemed advisable to arrange our data so that 
general crossing phenomena may be observed among the groups with 
the different septet formulae. This arrangement has been made in 
Table XVI, and suggests some interesting genetic relationships. 

Where two or more septet combinations have been made, all seed 
grx)ups with one ox two A septets, except the hexaploid AADDEE, 
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TABLE XVI — Compatibility of Species as Arranged According to 
Hurst’s System 



No. of 
Comb. 

Per Cent 
Setting 

No. of 
Poll. 

Per Cent 
Setting 

Per Cent 
Fill 

AAXAA 

28 

46 

756 

14 

36 

BB 

15 

60 

375 

6 

13 

CC 

7 

57 

220 

5 

12 

DD 

17 

53 

346 

10 

28 

EE 

4 

50 

125 

2 

14 

AACC 

17 

53 

350 

18 

32 

AAEE 

1 

100 

35 

17 

180 

BBCC 

1 

0 

10 

0 

— 

BBDD 

13 

54 

374 

8 

15 

CCDD 

7 

43 

167 

29 

29 

AABDE 

6 

83 

139 

12 

20 

ACDDE 

4 

25 

76 

9 

4 

AADDEE 

6 

33 

126 

2 

6 

AACCXAA 

11 

45 

243 

14 

94 

BB 

3 

67 

45 

27 

55 

CC 

2 

100 

43 

70 

133 

DD 

3 

100 

52 

50 

104 

EE 

1 

100 

14 

14 

56 

BBDD 

3 

67 

85 

11 

47 

CCDD 

2 

100 

48 

58 

128 

DDEE 

1 

100 

21 

67 

92 

AABDE 

1 

0 

1 14 

0 



ACCDE 

1 

0 

! 7 

0 

— 

AADDEE 

2 

100 

46 

65 

77 

AAEE XAA 

2 

0 

77 

0 

— 

AABDE XAA 

3 

100 

64 

34 

26 

CC 

1 

100 

26 

73 

48 

DD 

1 

100 

16 

13 

5 

EE 

1 

0 

12 

0 

— 

AACC 

1 

100 

12 

100 

48 

BBDD 

1 1 

100 

30 

27 

8 

AADDEE 

1 

100 

12 

92 

S3 

ABBCDXAA 

7 

71 

171 

26 

44 

BBDD 

2 

100 

46 

26 

15 

AABDE 

1 

100 

23 

70 

68 

ACDDE 1 

1 

0 

18 

0 


ACDDE XAA 

6 

67 

84 

10 

41 

BB 

2 

0 

24 

0 

— • 

CC 

2 

100 

21 

24 

10 

BBDD 

4 

100 

62 

15 

6 

CCDD 

1 

100 

11 

65 

63 

AADDEE XAA 

4 

0 

77 

0 

— 

BB 

1 

0 

18 

0 

— 

CC 

1 

0 

17 

0 

— - 

DD 

1 

0 

19 

0 

— 

BBDD 

1 

0 

13 

0 

— 

CCDD 

1 

0 

10 

0 


BBXAA 

1 

100 

16 

7 

— 

BBDD 

1 

0 

12 

0 

— r 

BBEBXAA 

2 

0 

24 

0 

— 

AACC 

1 

0 

11 

0 


BBDD 

1 

0 

17 

0 

— - 

CC XAA 

1 

0 

13 

0 

— 

CC 

1 

0 

21 

0 


DD 

1 

100 

11 

9 

69 

BBDD 

1 

0 

12 

0 

— 

CCDD XAA 

6 

17 

97 

1 

21 

BB 

1 

0 

14 

0 

— 

CC 

1 

0 

29 

0 

— — 

AACC 

1 

0 

28 

0 

— 

AAEE 

1 

100 

26 

86 

02 

BBDD 

1 

100 

12 

8 

5 

AABDE 

1 

0 

13 

0 


ACDDE 

1 

100 

20 

5 

11 

DDXAA 

3 

100 

88 

31 

51 

BB 

5 

100 

94 

43 

80 

CC 

2 

100 

38 

79 

114 

DD 

6 

100 

135 

68 

87 

EE 

1 

100 

36 

56 

93 

AACC 

1 

100 

29 

62 

102 

BBDD 

3 

67 

65 

6 

26 

CCDD 

1 

100 

45 

24 

126 

CDDE 

1 

0 

12 

0 


AADDEE 

2 

50 

49 

35 

121 
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TABLE ILVl-^^concluded) 



No. of 
Comb. 

Per Cent 
Setting 

1 

No. of 
Poll. 

Per Cent 
Setting 

Per Cent 
Pill 

npRRVAA 

2 

0 

2a 

0 

— 

EE XCC 

I 

0 

26 

0 


DD 

T 

0 

47 

0 

— 

AACC 

1 

0 

27 

0 


bbdd 

1 

0 

26 

0 

— 

CCDD 

1 

JOO 

72 

1 


DDEE 

1 

0 

2a 1 

0 

— 


have given good percentages of set and fill. The third, fifth and sixth 
columns. Table XVI, bring this out. It may be observed however that 
where A and C septets are combined as in the seed groups AACC, 
ABBCD, and ACDDE that percentage of both set and fill is increased 
in the majority of cases where the same pollen group is concerned, 
over that of seed groups possessing A septets without C, or vice ver^m. 
The seed group AABDE, with comparatively few species combi- 
nations, is somewhat of an exception in that the set here was as good 
as in AC combination. In addition, where two A septets arc present 
in both the seed and the pollen pai'ents the accelerating effect of C, 
when present in the former, is not so obvious. This increased compati- 
bility may be due to acceleration of pollen tube growth or some related 
phenomena. It is also apparent from the table that where seed groups 
with the formula DD have been used that compatibility and fertility, 
with various pollen groups, is good. 

Numbers of combinations and pollinations with the remaining seed 
groups are probably not large enough to give much significance to 
other observed trends, such as the apparent depressing effect of C 
on DD septets, so far as compatibilities and fertilities of various groups 
are concerned. Some positive tendencies and affinities arc also indi- 
cated with certain of the septet combinations in the pollen groups, but 
these are not brought out definitely enough by present data to warrant 
discussion at this time. 

The data presented in Table XVI have been checked to see if 
crosses involving polyploids in which the pollen contained septets 
identical with those of the seed parent were any more ]:)rolific tlian 
where such septets were different in the different parents. When the 
data are considered either separately (as in Table XVI), or are com- 
bined and averaged, fertility is apparently not increased by pollinating 
with forms having (one or more) septets corresponding to tliose 
reported for the seed parent (although results from UvSe of pollen 
carrying AA septets on seed forms with this group suggests an 
exception). 

A partial explanation of the productive and fertile results of seed 
species with septet formulae AA, AACC, and DD may be furnished 
by the data on which Table XVII is based. This table, which includes 
only the species which Rehder (1940) describes in detail, is sub- 
stantiated by available data from all species. It shows that the GalH- 
canae is mainly a tetraploid, AACC section; and that the Synstylae 
is essentially a diploid, AA section. Also, while not shown so clearly 
by the table, the Carolinae is predominantly a diploid DD section ; 
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TABLE XVII — Occurrence of Chromosome Numbers and of Hurst’s 
Septets in Different Taxonomic Sections 


Taxonomic 

Section 

No. of Species 
Described by 
Rehder 1940 

No. of These 
Sp. on Which 
Data are 
Available 

Chromosome 

Numbers! 

Septets 

Represented! 

Pimpinellifoliae 

7 

5 

28, 14 

BB* DD, CC 

Gallicanae 

4 

4 

2HX 

AACO* 

Caninae 

8 

8 

35**, 28 

A, D, E, B, C 

Carolinae 

6 

5 

14**, 28{ 

DD*. AA, CC 

Cinnamomeae 

25 

24 

14, 28, 42, 56 

DD, BE, BB, AA, CC 

Synstylae 

13 

12 


AA* 

Indicae 

4 

2 

14r-42 

AA 


fWhere more than one number or one septet combination has been reported for species of a 
section, such numbers or septets are arranged, from left to right, in order of their frequency of 
occurrence. 

{One form in which this number occurs has also been reported as having a higher number. 

*A preponderance of the species possess these septets. 

**A preponderance of the species have this chromosome number. 

four of the five species have chromosome numbers of 14 (28 has also 
been reported for two of these same ones), and the four with given 
septet formula have reported DD septets alone or in combination. The 
Caninae, composed of the cytologically irregular species, is made up 
principally of pentaploid forms with some tetraploid and hexaploid 
ones, having all of Hurst’s septets represented among the species but 
with A septets occurring most frequently especially in duplicate con- 
dition. Members of the Caninae used as seed parents in our crosses 
possessed either AA or AC septets, in combination with others. In the 
other sections there is a more even distribution of chromosome num- 
bers, of septet occurrence, or of both — as is decidedly the case in the 
Cinnamomeae. 

It appears significant that the septet formulae possessed by the ma- 
jority of the most prolific and fertile seed parent species {Rosa gallica, 
R. SotiUeana, R. wichtmana, and probably including the pentaploid 
Caninae species, but with fertile R- hlanda, in the Cinnamomeae with 
a DD formula, offering an exception) are characteristic of the taxo- 
nomic sections whose species most resemble each other with respect 
to chromosome number, as well as septet formulae. This would sug- 
gest that in sections as the Gallicanae and the Synstylae that the 
species are on the whole not only more closely related to each other 
than in the sections where more variation occurs, but also that this 
closer relationship is due to a genetic condition, possibly greater genic 
homozygosity, which may permit of greater chance for crossing com- 
patibilities and fertility. While some species both within and without 
these sections may be pointed to as exceptions they do not hide the 
tendency for sections with least variation in chromosome numbers and 
septets to show a general effect of this in the crossing relationships 
of included species. Further studies should throw additional light on 
this point. 

Summary and Conclusions 

Results of 6,008 pollinations including 118 different attempted spe- 
cies crosses are reported. The data are considered here when the 
parental species were grouped according to (a) chromosome numbers, 
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(b) taxonomic sections, and (c) genetic groups (Hurst’s). Most 
comparisons were made on group bases as being more productive of 
useful conclusions. 

Pentaploids, as a group, were the most fertile seed parents, followed 
by tetraploids and diploids, which were of about equal worth. No 
effect of apomixis on results from our pentaploid crosses has been 
revealed to date. Value of a seed parent was but little affected by 
having its chromosome number equal, larger, or smaller than that of 
pollen parents. Tetraploids were somewhat the most valuable^ polleni- 
zers as a group. The comparatively small number of combinations and 
pollinations with hexaploids and octoploids suggests these to be excel- 
lent pollen but poor seed groups. 

As in crosses among diploids per cents of sets and of hip fill indicated 
greater probability of successful crosses occurring between species be- 
longing to the same taxonomic section than when the species belong 
to different sections. Species belonging to the Gallicanae and the 
Caninae were most productive as seed parents. Forms belonging to 
sections Carolinae and Cinnamomeae were most effective, as a group, 
for pollen. 

The crosses were examined on the basis of Hurst^s septet grouping 
of species. Seed parents with AA, AACC, and DD septets were fertile 
groups, with the fertility of A A septets usually being increased by the 
presence of CC. In general similar septets in seed and pollen groups 
did not increase crossing fertility over cases of combining completely 
dissimilar septets. There is a tendency for the most fertile septet (seed) 
groups to fall in the taxonomic sections showing least cytogenetic 
variation. 
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Effect of Some Spray Materials on the Apparent 
Photosynthetic Rate of the Greenhouse Rose 

By Alex Laurie and D. J. Witt, Ohio Agricultural Experiment 
Station, Wooster, Ohio 

M any investigations of the injury caused by spray materials ap- 
plied to foliage of horticultural plants have been conducted, but 
very little has ever been done on the rose. A study was made of the 
effect on apparent photosynthesis of some of the more common com- 
mercial sprays used by florists to combat red spider on the greenhouse 
rose. Variety Better TTimes was used. 

A modification of the pump diagrammed by Childers and Brody ( 1 ) 
was used and tlie apparent photosynthesis was determined by the 
method described by Heinicke and Hoffman (2). Two and one-half 
hour runs were made daily on six sprayed leaves and four unsprayed 
leaves. A 3- or 4-day relationship between the two sets of leaves was 
made prior to spraying. Light and temperature readings were taken at 
the beginning, middle, and termination of each run and then averaged. 
Sprays were applied with a hand atomizer in late afternoon. Cello- 
phane bags were placed over the five leaflet leaves, as they are more 
satisfactory than leaf cups for the leaf of the rose plant. For each spray 
material, three runs were made under varying seasonal environment 
from January to July. The expected rate of apparent photosynthesis 
was determined as follows. The apparent rates of photosynthesis for 
the check and sprayed leaves were averaged separately to establish 
a relationship. Dividing the average of the sprayed leaves by the aver- 
age of the check leaves and multiplying the quotient by 100 gave the 
expected rate. The per cent expected rate was obtained by dividing 
the daily apparent rates of the sprayed leaves by the daily apparent 
rate of the check leaves and multiplying the quotient by 100. Dividing 
this product by the expected rate and multiplying the resulting quotient 
by 100 gives the per cent expected rate. 

Table I shows typical results obtained from a run using Hitox, a 
rotenone, pyrethrum and oil spray, at 1~200. Following the spray 
application there was a gradual reduction in the expected rate of photo- 
synthesis, the most severe reduction of 21 per cent occurring on the 
sixth day. Recovery occurred on the thirteenth day after application 
of the spray. In another run a second spraying was made 13 days after 
a previous spray had been applied and a 35 per cent reduction of the 
expected rate of apparent photosynthesis occurred. Recovery was ob- 
served 16 days following the second application. 

Righto at 1-400, a pyrethrum and rotenone spray was noted to 
reduce the expected rate of apparent photosynthesis. The initial re- 
duction from three determinations varied between 14 and 24 per cent. 
A second spray application made 10 days after the first spray reduced 
the rate 36 per cent. Recovery was rapid with this spray material, 
usually only 1 week elapsing before normal relationships were observed. 

A trade name material, 157, consisting of rotenone with glycerol 
reduced the rate of apparent photosynthesis 20 to 30 per cent and after 
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TxABLE I— The Effect of Hitox at 1-200 on the Rate of Apparent 
Photosynthesis op Rose Leaves 


Date 

1940 

Rate of Apparent 
Photosynthesis in 
MgCOa/lOO CmVHr 

Check Sprayed 

Per Cent of 
Expected 
Rate of 
Sprayed 
Leaves 

i 

COa Content 
of the Air 
(Mg/Pt») 

Light 
Intensity 
(F. C.) 

Air 

Temperature 
(Degrees F) 

May 19 

8.0 

8.7 

108.5a* 

15,5 

1490 

72 

May 20 

10.9 

11.6 

106.1b 

14.7 

2670 

90 

May 21 

9.3 

10.1 

108.6c 

14.1 

1770 

80 

Average 

1 i 

107.7** 

— 

— 


May 22 

7.8 

7.7 

91.6t 

17.1 

2470 

88 

May 23 

7.4 

7.4 

92.6 

16.4 

638 

70 

May 24 

( 6.2 

5.6 

84.3 

15.4 

216 

66 

May 25 

8.0 

7.4 

86.0 

15.4 

878 

80 

May 26 

1 8.8 

7.9 

83.2 

14.9 

, 2365 

70 

May 27 

9.3 

7.9 

79.0 

16.0 

1932 

64 

May 2S 

7.9 

6.7 

79.6 

17.3 

620 

68 

May 29 

6.9 

7,1 

95.5 

15.7 

1022 

70 

May 30 

; 10.7 

0.5 

82.2 

17.4 

1145 

69 

May 31 

1 9.5 

10.1 

98.8 

16.8 

980 

73 

June 1 

10.8 

10.5 

90.3 

18.1 

660 

76 

June 2 

6.5 

6.5 

92.9 

16.0 

4425 

96 

June 3 

9.1 

10.1 

102.8 

18.3 

1975 

80 


* f Daily rate of sprayed leaves ] 

j XlOO f 

[ Daily rate of check leaves J 

** Average of a, b, and c. 
tDaily rate of sprayed leaves 

— XlOO 

Daily rate of check leaves 

XlOO 

107.7 


7 days with two determinations and 21 days with one run, recovery 
had not occurred. . 

With Red Arrow at 1-400, a pyrethrum and soap spray, a reduction 
of 22 per cent occurred the first day following application. The tem- 
perature rose to 92 degrees F on the fifth day and a 40 per cent reduc- 
tion was observed. Eleven days after the spray was applied again at 
20 per cent reduction still existed. 

With all vSprays tested a marked reduction occurred the first day 
following application. This reduction usually persisted for at least 5 
or 6 days before a gradual recovery took place. A second aj)])lication of 
spray material produced a similar but usually a more drastic reduction 
than the first application. Recovery often occurred just as rapidly, 
however. With some spray materials no recovery occurred during the 
time interval the experiment was run though it is to be assumed tliat 
recovery would eventually occur. 

There was no visible injury either as scorching, chlorosis, and so 
on from any of the materials whether applied once or twice, however, 
reductions in the apparent photosynthesis ranging from 12 to 36 per 
cent, depending upon the spray material, were observed. It was not 
possible from these studies to determine whether the oil, soap, gly- 
cerine, rotenone, or pyrethrum were causing the reduction in the 
apparent photosynthetic rate. 

^ Further tests are being run to deteniiine the causal factor in reduc- 
tion of photosynthesis and the effect of continuous use of the materials 
on flower production. 
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Hardiness Zones for Woody Ornamentals 
in New York State 

By John F. Cornman, Cornell University, Ithaea, N. Y. 
Abstract 

This material will be published in full as a bulletin by the Cornell Experiment 
Station. 

I T WAS the purpose of this study to determine more accurately the 
boundaries of the various planting zones of the state as shown by 
the reactions of plants, rather than from weather statistics and to 
record the type and degree of winter injury occurring on a number of 
woody ornamentals. 

Data for use in establishing zone lines and in determining the rela- 
tive hardiness of the various species were collected by a j&eld survey, 
consultations, and questionnaires. Representative stations were visited 
in all areas of the state. As many plants as possible were observed in 
the field with particular attention being paid to about 100 of the more 
common kinds reaching their northern limit of hardiness in the state. 

It seemed desirable to introduce a somewhat different concept of 
the term hardiness, for a plant is often useful in the landscape even 
though it occasionally suffers winter injury. A woody ornamental may 
grow fairly well in a location, but if it is injured during the winter just 
enough to destroy the desirable feature for which it w'-as planted, it 
does not fulfil its purpose in the landscape. For these reasons it is 
necessary to consider a plant UvSefully hardy as an ornamental only 
when, with a reasonable amount of care, it is fairly dependable in 
producing the flowers, fruit, foliage, or other feature expected of it. 

A map showing six zones of hardiness for woody ornamentals has 
been prepared. While these zones differ from each other in climate, 
they were established primarily because of differences in hardiness of 
the plant materials studied. 

It seems reasonable that for New York State the recommendations 
of Wyman and Rehder will be more accurate if used in connection 
with the proposed detailed map. In this application zone 1 corresponds 
roughly to zone VI, zone 2 to zone V, zone 4 to zone IV and zones 5 
and 6 to zone III. Thus zone 3 is transitional between zones V and IV. 

The hardiness map developed as a result of this study is not to be 
considered as final, for as more information l^ecomes available certain 
changes will undoubtedly be indicated. However, it is believed that 
this map is an improvement in our understanding of the various 
hardiness zones for woody ornamentals in New York. 



Two Colchicine-Induced Polyploids of the Greenhouse 
Chrysanthemum and Their Progeny 
By Charles Weddle, Cornell University, Ithaca, N, F. 

E arlier workers with colchicine have pointed to floriculture as 
the field wherein lay the greatest possibilities for improving eco- 
nomic plants by inducing chromosome doubling. Miintzing (3) and 
Blakeslee and Avery (1) point out that plyploidy is known to have 
been a factor in the origin of a large portion of the desirable varieties 
of fruits, vegetables, and flowers. The theoretical possibilities of induc- 
ing chromosome doubling are great. In the field of floriculture Nebel 
and Ruttle (4) have led the way with the production of tetraploid 
marigolds and snapdragons. Emsweller and Brierley (2) have con- 
tributed tetraploid lilies. In these cases the tetraploids promise to have 
greater economic value. 

Chrysanthemum morijoUmn normally has 54 somatic chromosomes 
(5). It was thought to be a good subject for preliminary trials at 
Cornell because it is easily propagated vegetatively, so that any result- 
ing varieties could be propagated by cuttings. The great heterozygosity 
of the chrysanthemum suggested that further chromosome doubling 
might be a means of getting true breeding strains, since this was 
already being attempted by inbreeding. 

Accordingly, in the spring of 1939 seedlings from crosses between 
commercial varieties were treated with colchicine. At the time of 
transplanting 143 seedlings were treated by inverting their growing 
points in a .16 per cent solution for 6 hours and 100 seedlings were 
likewise immersed for 8 hours. To the growing points of 88 plants a 
single application of Warmke and Blakeslee's .2 per cent lanolin emul- 
sion was given. Another lot of 40 seedlings was treated with the .4 per 
cent emulsion. The plants were grown in pots for close observation. 

Results 

Several of the plants produced tetraploid sectors, but only two pro- 
duced tetraploid flowering stems. (The 54-chromosome form, although 
already hexaploid, the base number being 9, will be considered diploid 
and the 108-chromosome type will be considered tetraploid). Both 
tetraploid plants arose from seedlings given the 6-hour treatment in 
the .16 per cent solution. The first tetraploid T1 plant was a seedling 
of the cross Melba x Blanche and the second plant T2 a seedling of 
the cross Sunshine x Blanche. Plant T1 had one diploid stem which 
fortunately produced a flower head, furnishing pollen for comparison. 
Plant T2 produced no diploid shoots. 

Size of ^ard cells and size of pollen grains were used as criteria 
of tetraploidy until sufficient material was available for cytological 
observations. These measurements, which proved to be quite reliable 
indices, are listed in Table I. 

The shape of the pollen grains also was affected, the oval shape of 
the diploid form being changed to a somewhat roughly cubical or 
pyramidial shape. The grains appeared square or triangular when 
viewed through the microscope. 
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TABLE I — Chromosome Number, Pollen Grain Size, 
AND Stomata Length 


Plant 

Number of 
Chromosomes 

Average 
Diameter 
Pollen Grains 
(Microns) 

Average 
Length of 
Stomata 
(Microns) 

Tetraploid No. I 

108* 

105 

119 

Normal Stem P. I 

54 

78 

91 

Tetraploid No. II | 

108* 

106 

100 


*Estimated. 


Plant T1 was quite dwarf with strong short stems. The flowers of 
both normal and tetraploid stems were light phlox pink, and single, 
having two rows of quilled and spoon rays. Quilled rays are those 
which are tubular for their entire length while spoon rays are those 
which are tubular for only about half their length. The leaves of the 
three tetraploid stems were shorter, thicker and less deeply cut than 
the diploid leaves. The petioles of the tetraploid stems were shorter 
and thicker and the leaves, petioles and stems were more pubescent. 

The second tetraploid plant (T2) was large, being about 4 feet tall. 
The leaves were even more pubescent than those of plant Tl. The 
stems were not as strong in comparison. The flowers were large with 
three rows of flat, thick, creamy white rays. This thickness of the 
rays was very noticeable, giving great substance to the flowers. The 
flowers of both tetraploid plants kept fresh on the plant for over a 
month. 

Flowers of both tetraploid plants were self pollinated. Forty-five 
tetraploid seedlings were obtained from plant Tl and 10 tetraploid 
and 2 diploid seedlings from T2. Both parent plants and the diploid 
stem from plant Tl were propagated by cuttings. When flower buds 
were of sufficient size chromosome studies were made, and the tetra- 
ploid nature of the parent and seedling plant was confirmed. Accurate 
cytological analysis is extremely difficult for the diploid chrysanthe- 
mums and practically impossible for the tetraploid forms because of 
the large numbers and irregular pairing of chromosomes. This, there- 
fore, was not attempted. The relative numbers, however, were fairly 
easy to determine. The diploid number is 54 ± 1 and therefore the 
estimated tetraploid number is 108. The most striking cytological 
feature was the frequency of polyspory in the tetraploids, the pro- 
duction of more than four pollen grains from a single microspore 
mother cell. This is thought to be responsible for the variability in the 
selfed progeny. Similar irregularities in mitosis could cause the fre- 
quent somatic mutations that were observed in the tetraploid plants. 

The progenies of the tetraploids were remarkably true for flower 
type, the progeny of Tl having all single flowers with quilled and 
spoon rays. There was some variation in amount and degree of quill- 
ing, however. Color varied considerably in the progeny of Tl but was 
quite constant in the 10 tetraploid progeny of T2. In the progeny of 
plant Tl there were seven white-flowered plants, 34 pink, one purple, 
six yellow and one bronze flowered. The progeny of plant T2 were all 
white or creamy white. 
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A few somatic color mutations were observed in the progeny of 
plant Tl, but they occurred late in the development of the flower and 
never involved as much as a single ray floret. In plant T2, however, 
every plant but one mutated in one or more flowers to yellow and in 
one plant sported both to yellow and purple. These color changes were 
simultaneous in three plants with changes in flower type, one sucli 
change was from the flat reflex type of rays to the incurved s])oon type 
and involved whole flowers. 

Summary and Conclusions 

In these experiments little net improvement resulted from induced 
polyploidy in the chrysanthemum. The improvement in substance and 
keeping qualities of flowers, however, is noteworthy. Tetraploid plants 
might be valuable as novelty pot plants. Variation in the progeny of 
the parent tetraploids and the frequent somatic mutations are probably 
due to irregularities in meiosis and mitosis respectively. Selections 
from the progeny of the two tetraploids will be inbred to determine if 
it is possible to stabilize them and to establish true breeding varieties. 
A number of plants are being tested for cold hardiness. 
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Budding Ornamental Mains on the Mailing Rootstocks^ 

By J. K. Shaw, Massachusetts State College, Amherst, Mass. 

T he introduction of the Mailing clonal rootstocks suggests the pos- 
sibility of growing ornamental flowering crabs of various sizes for 
use in landscape compositions. In August, 1938, varying numbers of 
10 kinds of flowering crabs were budded on nine Mailing rootstocks. 
Some of the combinations were successful and some failed entirely. 
The results are shown in Table I. The nomenclature follows that of 
Graves (1), which is based mostly on that of Rehder (2). Rootstocks 
X, XII, XIII and XVI have very slight or no dwarfing effect; the 
others are more or less distinctly dwarfing. 

All but three kinds failed completely on Mailing IX and most of 
them succeeded poorly on the dwarfing rootstocks. Even when they 
started well the first year, many failed the second. Mains iocnsis plena 
(Bechtel crab) made a poor record on all rootstocks. Rootstocks of 
Mailing IX were rebudded with Bechtel crab in 1939 and all buds 
failed. Upshall (3) reported failure of Bechtel on Mailing IX. M. hupe- 
Jiensis (M. theijera) buds did not grow on most dwar&ig rootstocks. 

Most of the trees that made good growth the first year continued to 
do so through the second year and there are few signs of a dwarfing 
effect, which is much the way that comestible varieties behave on these 
rootstocks. M. atrosangiiinea and M. floribunda killed back rather 
severely, especially on Mailing XII. 

These results should be taken only as suggestive. The work must be 
repeated with larger numbers and under varying conditions before it 
can be said that these failures represent incompatibilities between the 
ornamental Malus and these clonal rootstocks. It does suggest, how- 
ever, that care must be used in selecting stock and scion combinations 
when one desires small flowering crabs for landscape purposes. 


TABLE I — Results from Budding Ornamental Malus on 
Malling Clonal Rootstocks 


Mailing Stocks 

I 

n 

in 

IV 

IX 

1 X 


XII 

xiir 

XVI 

No. Buds Set 

10 

5 

8 

6 

10 

10 

8 

10 

5 : 


a* b 

a b 

a b 

a b 

a b 

a 

b 

a b 

a b 

a b 

Arnoldiana .... 

50 40 

100 80 

0 0 

33 33 

0 0 

50 

40 

37 37 

70 50 

80 60 

Atrosanguinea . 

40 30 

60 20 

0 0 

33 33 

0 0 

50 

50 

88 88 

80 so 

40 40 

Floribunda 

30 30 

60 60 

37 37 

33 33 

0 0 

50 

60 

88 88 

60 60 

60 40 

Hupehensis 
(theifcra).. . . 

40 40 

0 0 

0 0 

0 0 

0 0 

10 

10 

76 63 

70 50 

40 40 

loensis plena. . . 

20 10 

40 0 

0 0 

0 0 

0 0 

50 

0 

37 13 

80 10 

40 0 

Purpxirea eleyi. 
Sargenti 

20 20 

0 0 

25 12 

0 0 

0 0 

70 

50 

13 13 

60 60 

80 80 

20 20 

0 0 

0 0 

50 17 

0 0 

50 

20 

75 75 

70 70 

20 20 

Scheideckeri. . . 
Spectabilis .... 
Toringoides. . . . 

40 40 

0 0 

37 37 

50 50 

30 20 

90 

70 

88 75 

100 90 

80 80 

SO 80 

60 60 

63 63 

84 84 

30 10 : 

100 : 

too 

75 75 

90 90 

40 40 

70 70 

20 20 

0 0 

33 17 

90 80 

100 

90 

63 63 

60 40 

40 40 


*a ~l-year trees as percentage of buds set. b =* 2-year trees as percentage of buds set. 
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The Effect of Vitamin B, on Some Ornamental 
Greenhouse Plants 

By Alex Laurie and D. C. Kipi-ingrr. Ohio Slato University, 
Columbus, Ohio 

Abstract 

A full report of this paper will be published in the Ohio Agricultural Expert- 
men-i Station Bimonthly Bulletin for March-April, 1941. 

S INCE the discovery that vitamin Bi is necessary for the growth of 
plants, popular horticultural literature has been filled with articles 
and advertisements of its beneficial effects. Many of the claims were 
fantastic beyond reason; i.e. unbelievably large flowers may be pro- 
duced in an amazingly short time by simply applying vitamin Bi. The 
tests here reported were conducted to determine its practical value for 
commercial florists. 

The soil used was composted for the greenhouse, and each crop was 
given a specific soil mixture which is considered l)est for optimum 
growth. 

The solutions were applied weekly in water at a ])H of 9.8 and 4.8 
at a concentration of 0.05 milligrams of vitamin Bi per gallon. Root 
systems were soaked in an alkaline solution of 5 milligrams of vitamin 
Bi per gallon. Between applications the plants were watered with 
alkaline tap water. 

On chlorotic gardenias vitamin Bi applications were no more effec- 
tive than allowing the plants to re-establish a root system by carrying 
them on the dry side. Rooted gardenia cuttings showed no growth 
differences after 17 weeks of treatment. 

Roses growm in pots in the greenhouse and in a cloth house treated 
with vitamin Bi failed to produce longer stems or larger flowers than 
the check plants. Treatment of pot chrysanthemums showed no differ- 
ences in growth or flowering when treated with vitamin Bi for 4 
months. Spraying with B.i on the foliage of chrysantliemutns for 
4 months was not beneficial. 

Asters and pompon chrysanthemums in a cloth house were not 
benefitted by treatment. Kentucky Blue Grass produced dippings of 
greater dry weight when treated but these differences were not mani- 
fested in top growth. 

Soaking root systems of roses in vitamin Bi failed to prevent wilting. 
Cutback gardenias did not resume growth more rapidly wlien treated 
with vitamin Bi. 

Applications of vitamin Bj to chrysanthemums and gardenias in 
gravel culture were not beneficial. 

^ As a result of these tests it has been concluded that applications of 
vitamin Bi either to soil-grown plants or plants in gravel culture have 
failed to justify its use for practical purposes. 
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The Effect of Light Intensity on Eesponse of Euphorbia 
Pulcherrima and Euphorbia Fulgens to Photoperiod 
and Temperature 

By Kenneth Post, Cornell University, Ithaca, N* Y, 

P OINSETTIAS {Euphorbia pulcherrima) and E, julgens have 
been made to flower in advance of the normal flowering period by 
reducing the length’ of day during summer. The normal date when the 
days are the proper length for bud formation at Ithaca, New York 
has been determined as October 10 to 20 (2). Previous unpublished 
data and the work of Roberts and Struckmeyer (3) show that tem- 
peratures above 65 degrees, during the period of bud initiation, pre- 
vented bud formation. 

The early work of Garner and Allard ( 1 ) with poinsettia showed 
it could be made to flower during summer by giving the proper photo- 
period. Probably the minimum temperature was above 65 degrees most 
of the time during these experiments. 

Reducing the length of day during July and August at Ithaca has 
produced flowering. Growers of poinsettias have observed that plants 
placed in poorly lighted positions in the greenhouse failed to form 
flower buds even though the night temperature was correct (55 to 65 
degrees). Short day treatment of Poinsettias and Euphorbia in a Long 
Island greenhouse, which was poorly lighted during the summer of 
1939, failed to cause flowering. The treatment was carried out in the 
same manner as one at Ithaca where flowering occurred. 

Plants grown at Ithaca during the summers of 1938 and 1939 and 
given heavy shade with several layers of cheesecloth to reduce the light 
intensity to 500 foot candles maximum during the period of natural 
bud formation produced good vegetative growth but failed to flower 
or flowered very sparingly. Those plants not shaded flowered normally. 

Plants prevented from flowering by giving high temperature and 
low light intensity failed to flower during the winter months even 
though the temperature was corrected. This was probably because the 
intensity of light during December and January was too low for flower 
bud formation. 

It is evident from these experiments that temperatures above 65 
degrees may not prevent bud formation of these plants if the light 
intensity is sufficient and the photoperiod correct. Low light intensity 
with the correct photoperiod and temperature failed to produce flowers. 
Work with chrysanthemum and buddleia shows a similar response. 
Probably light intensity is influencing the response of many plants 
to photoperiod and temperature. Most of the temperature work has 
been carried out under conditions of poor light intensity in winter 
while much of the photoperiodic work has been carried out only under 
one condition of light intensity, that is, either during summer when the 
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light intensity is great, or in winter when the intensity is low. Few 
plants have been treated under both conditions. 
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The Growth Cycle and the Effect of Planting Stock Size 
on the Production of Marketable BulbvS and Flowers 
of Paperwhite Narcissus 

By R. D. Dickey, University of Florida, Gainesville, Fla. 
Abstract 

This material will be published as a bulletin of the Florida Agricultural Experi- 
ment Station. 

D ata presented relative to growth cycle show that slabs, round 
bulbs and mother bulbs produced round bulbs and mother bulbs 
and the per cent of each type which did this varied with the size. The 
number of double-nosed bulbs produced was very small, considerably 
below that indicated by the literature on the subject. 

The effect of size of original planting stock upon the subsequent 
production of marketable bulbs was studied. It was found that the 
larger sizes yielded a greater number of salable bulbs over the duration 
of the experiment. The desirability of discarding all categories of 8 
centimeters and below by commercial growers is suggested. 

Experimental evidence is presented which shows that both Intlb size 
and category have a marked effect upon flower production. 



The Effect of Short Days upon the Development of the 
Fall Blooming Chrysanthemums 

By E. P, Hume, Cornell University, Ithaca, N, Y. 

I EAF-BUD cuttings have been used to some extent as a means for 
^ rapid propagation of chrysanthemums from limited stock. In order 
to apply this method as soon as flowered to the propagation of seed- 
lings or sports, this study was made to determine the action of ‘'short 
" days'’ upon the formation and development of flower buds. 

Methods 

The variety Dorothy Turner was grown under normal day length 
conditions in the greenhouses of the Department of Floriculture at 
Cornell University, Ithaca, New York. At this latitude the commercial 
varieties have been found to initiate flower buds between the 15th and 
25th of August (5). 

The effect of “short days” on reproduction was determined from 
time to time by taking stems from these plants at 5-day intervals. Start- 
ing on August 4th and continuing through the period of bud develop- 
ment until the flowers had opened. During this period the day length 
naturally shortened from about 15 hours to 13 hours. From these stems 
leaf-bud cuttings were taken at regular distances along their entire 
length. These consisted of a leaf and a small piece of the adjacent stem 
including the axillary bud. 

The cuttings were rooted in flats of sand. In addition to the normal 
day length, light of 4 hours duration and a minimum intensity of 5 
foot candles was given to insure long days. The long days were con- 
tinued by again placing the plants when potted under the additional 
light. Thus we have plants growing to various stages of flower bud 
development under natural day length conditions. Leaves, with their 
buds and surrounding tissue, were taken at regular intervals from the 
entire length of stem. These were propagated and grown under day 
lengths too long for flower bud initiation. 

The next year using the variety Copper City all cuttings were made 
at the same time on October 30. They were taken from plants which 
liad been given the usual commercial darkening treatment (4) starting 
on July 30 and August 10, as well as from normal season. The plants 
which were darkened ahead of normal season had progressed further in 
the process of reproduction at the time the cuttings were taken than 
had any plants the previous year. This made possible an extension of 
this study to cover the period of full bloom and senescence. Mallet 
cuttings were used in place of leaf-bud cuttings. These mallet cuttings 
differ from leaf-bud cuttings in that the stem is cut through above and 
below each cutting. The entire section is placed in the sand while in 
the leaf-bud method only the bud and adjacent tissue is cut out. Other- 
wise, the procedure was similar to the previous year. All cuttings were 
rooted and grown at a night temperature of 65 degrees F. 
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Results 

The first year’s results are illustrated in Fig. 1. The first vi.sible 
flower bud developed from the terminal cutting from the stem taken 
September 17th. As the period of exposure to “short days” was 
extended, flower buds appeared on all shoots arising from axillary 
buds in the upper half of the stem. No flowers occurred in the shoot.s 
from leaf buds taken from the lower half of the .stem during any stage 
of development. 

The first flower buds to form were of the type known as “crown 
NATURE OF CHRY54UTHLMU[1 AXILLARY BUDS 



AUGUST CXTO&LR 


Fig. 1. Nature of chrysanthemum axillary buds. 

buds’\ These consist of a single flower bud with leaves or bracts below. 
One or two weeks longer exposure to “short days” resulted in the 
formation of terminal buds which consist of a cluster of flower bttds 
rather than a single bud. Only one cutting produced a crown bud after 
terminal buds were established throughout the upper half of the stent. 
This occurred from a bud just above the mid point of the stem proita- 
gated October 24th. 

Side shoots which occasionally formed on slioots developing frotn 
leaf bud cuttings were always vegetative. 

The results of the second experiment showed again that the buds in 
the lower half of the stem developed vegetative shoots when propagated 
and grown under long day conditions from mallet cuttings. The stems 
from the earlier darkened plots had become very hard and sufficient 
cuttings died to make the deraarkation between vegetative and repro- 
ductive portions of the stem less distinct than in the previous experi- 
ment. 
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The first flower Inicls appeared on a cutting from slioots which had 
already received at least 20 “short days” (August 25th to beyond 
September 12th). During this time flower buds have developed con- 
siderably in the growing points of normal season plants, Cuttings from 
the upperhalf of the stem which had been exposed to longer periods 
of “short days” had flower buds already visible at the time of propa- 
gation. They showed practically no further increase in size when grow- 
ing under long days. 


Discussion 

Several workers (1, 2, 3) have shown that there is produced a 
diffusable substance or substances in the leaves under conditions favor- 
ing reproduction. This is then transferred to the growing points and 
there causes the formation and development of reproductive organs. 
This reaction fits the generally accepted concept of a hormone. The 
results of this investigation showed something more of this mode of 
action. 

Apical dominance affected its movement first to the terminal grow- 
ing point and later gradually to the lateral buds in the upper half of 
the stem. 

There are two indications that this reaction is quantitative not only 
in formation, but also in development of flower buds. First of all, the 
flower buds first formed were crown buds. Further exposure to 
“short days” caused the formation of terminal buds which represents 
a greater degree of differentiation of reproductive tissue. Secondly, 
flower buds develop only slightly after propagation by leaf -bud cut- 
tings. This appears to represent a different type of mechanism from 
that in some other plants (1, 3) where a short induction period is 
sufficient to form and develop flower buds on new tissue. 

In the further development of the vegetative cuttings, dormancy 
difficulties occurred which require additional investigations before this 
method is practical for propagation. 


Summary 

It has been shown that under the conditions of this experiment at 
least 20 “short days” were required before flower buds develop on 
any cutting propagated and grown under long days. The first bud 
formed on the terminal cutting. As a result of exposure to 20 “short 
days”, axillary buds were changed progressively down the stem so 
that flower buds occurred on the shoots developing from these buds 
under long days until the midpoint of the stem is reached. No such 
change occurred in the lower half of the stem. At any position on the 
upper portion of the stem the first type of flower bud formed is the 
crown bud. It required 5 to 10 days more exposure to reproductive day 
length to effect the formation of terminal buds at the same position. 
Very little additional reproductive development occurred after the 
cuttings were made and subjected to “long days”. 
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The Growth of Snapdragons, Stocks and Cinerarias 
on Some Iowa Soils^ 

By E. C. Volz, Iowa State College, Ames, la., and 
F. H. Stenstrom, University of Illinois, Urbana, III. 

A t present there is little data on the growth of greenhouse 
- flowers on different soil types. In floricultural literature, soil 
recommendations for specific crops are frequently given. Wiggin (3), 
for example, writes that carnations seem to do best on a medium loam 
with an abundance of humus and that he believes that carnations prefer 
a porous or open soil. He carefully adds in connection with these state- 
ments, however, that there are no figures available to support them. 
Laurie and Poesch (2) likewise state that, ‘‘A strong sandy loam of 
porous structure and with a good organic matter content provides the 
most satisfactory soil for carnations,” but then go on to say, “How- 
ever experimental data have shown that the plants may be grown suc- 
cessfully in gravel or cinders without any organic matter but with 
sufficient nutritive additions.” Such recommendations can be found 
for all of the major crops. 

Iowa florists, anxious to learn if soil type markedly influences 
growth of flower crops under glass, requested the undertaking of a 
project to study the response of greenhouse crops to various soils of 
their state. Reported herein are data on the growth of three species 
of greenhouse crops on some Iowa soils of definitely different origin 
and types. 

Materials and Methods 

The soils of Iowa can conveniently be classified into three groups on 
the basis of the conditions attendant upon their development; viz., 
prairie soils, forest or podzol soils, and alluvial soils. Two soils were 
selected from each group as follows: Prairie soils — Clarion loam, 
Webster loam ; Forest or gray-brown podzol soils — Clinton silt loam 
and Knox silt loam ; Alluvial soils — O'Neill loam, Wabash silty clay 
loam. 

A greenhouse compost, prepared by piling alternate layers of a 
Webster loam sod and manure in the ratio of 3 : 1 and left to decompose 
for a year, was also included. 

Preparatory to planting, the soils were thoroughly mixed with ferti- 
lizers at the following rates: Ammonium sulfate — ^200 pounds per 
acre ; Muriate of potash — 300 pounds per acre ; and Superphosphate 
20 per cent — 750 pounds per acre. All of the soils were weighed and 
moisture determinations made. Two million pounds dry weight, were 
considered equivalent to the acre furrow slice. For supplementary 
fertilization during the growing periods, ammonium sulfate was 
applied in solution at the rates given under the discussions of the 
specific crops. These rates were based on crop response and on soil 
nitrate tests using the phenoldisulphonk acid method (1). 

journal Paper No. J-861 of the Iowa Agricultural Experiment Station, 
Ames, Iowa. Project No. 675. 
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Snapdragons {Antirrhinum majus), Stocks (Matthiola incaua) 
and Cinerarias {Cineraria crnenta) were the crops tested. 

Results 

Snapdragons : — Seed of snapdragon, variety Cheviot Maid Su- 
preme. was sown on August 5. The seedlings were benched into the 
several soils from 2-inch pots on September 20 at a distance of 8 by 
9 inches. To allow for a proper analysis of the data, the soil plots were 
arranged in randomized blocks with three replications. Each plot was 
21 ^ by 4 feet, with 18 plants per plot. In December and February 
slight nitrogen deficiency symptoms appeared and on the basis of soil 
nitrate tests, ammonium sulfate was added in such quantity as to 
raise the soil nitrates to 50 parts per million. 

Individual plant records were kept on the number of flower spikes 
and on stem length. Only one crop was removed. Table I gives the 
average number of flower stems per plant and the average stem length 
on the several soils. Analysis of the data indicated that the average 
number of stems did not differ significantly when the plants were 
grown on these soils. The range of means of stem length is 6,2 inches, 
a highly significant difference which may be important in a high class 
flower market where the longer stemmed flowers command a higher 
price. 


TABLE I~Snapdragons— Average Number of Flower Stems per Plant 
AND Average Stem Length (Inches) 


Soil 

No. Flowers 

Per Plant 

Mean Stem Length 
(Inches) 

Wabash 

6.70 

35.9 

Knox 

.3.96 

34.9 

O’Neill : 

4.07 

33.8 

Clarion 

3.94 

32.2 

Webster 

3.70 

3Ll 

Clinton 

3.69 

30.3 

Compost 

3.93 

29.7 


Least mean difference for significance: No. Flowers Stem Length 

.05 1.6.*? ,*?,03 

.01 2.29 4.25 


Stocks : — Seed of column or non-branching stock, variety Ulac 
Lavender, was sown on February 26, seedlings were potted into 
2-inch pots on March 16, and the plants benched April 5 at a distance 
of 6 by 6 inches. There were 35 plants per plot. The crop of .stocks 
was grown in the same bench and soil that had been u.sed for .snap- 
dragons after they were removed on the last of March when the entire 
first crop had been cut. Just prior to planting the stocks, fertilizers 
were worked into the soils a,t the following rate: Ammonium’ sulkte 
— ^200 pounds per acre ; Muriate of potash — ISO pounds per acre ; and 
Superphosphate 20 per cent — 375 pounds per acre. 

On the basis of soil nitrate tests, made every 10 days, it was deter- 
mined that nitrates were limiting on the O’Neill, Knox and Wabash 
soils on May 4 and on the Clarion, Qinton and Webster soils May 14, 
and consequently ammonium sulfate was added on those dates at the 
same rate as given above (200 pounds per acre). 
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TABLE I I—Stocks— Average Height of Plants (Inches) 


Soil 

Mean Height 
(Inches) 


26.1 

Compost 

25.3 

O’Neill “ 

25.2 

Clarion 

25,0 

Webster 

24.2 

Wabash 

24.1 

Clinton 1 

24.1 


Flower spikes were considered ready for cutting when 10 individual 
flowers were fully open. The total height of each plant was measured 
from the ground. Data on the height of the stock plants at harvesting 
are summarized in Table II. Analysis of variance indicated that the 
differences in the heights of these plants were probably not significant. 
The plants on all soils bloomed at the same time and w^ere all of good 
commercial quality. 

Cineraria : — Cineraria seed, variety Cremer’s Prize, was sown on 
September 8 and the seedlings were potted in 2^-inch pots 1 month 
later. November 21 the seedlings were selected for uniformity and 
divided into 15 groups of seven and were shifted into 4'inch pots 
using the various soils. On the bench they were placed in randomized 
blocks of seven. Every block contained one pot of each soil. To reduce 
positional effects the blocks were rotated fortnightly. 

On December 25 the plants were shifted to 5j4-inch pots in which 
they were finished. Growth was rapid following the last shift and 
mid“ January supplementary nitrogen fertilization was started. Each 
pot was given 150 cubic centimeters of ammonium sulfate solution 
(1 pound per 30 gallons of water) at 10-day intervals during the 
next 2 months. 

Once a week as the plants came into bloom all that had reached a 
commercially salable condition were removed and judged independent- 
ly by three judges on the basis of a modified score card. After judging, 
all of the above ground parts of the plants were removed, oven-dried, 
and the weight of each determined. 

The average scores and dry weights of the cinerarias on the different 
soils are presented in Table III, Regardless of which index of perform- 
ance, score or dry weight, is used, the soils line up in essentially the 
same order. The analyses of variance indicated that there were real 


TABLE III — Cinerarias — ^Average Score and Dry Weight (Grams) 


Soil 

Average Score 

Average Dry Weight 
(Grams) 


84.2 

35.6 

Webster 

80.9 

26.9 

O'Neill 

79.9 

26.8 

Clarion 

79.7 

27.8 

Knox. 

79.3 

27.8 

Wabash 

75.1 

21.3 

Cllmton 

74.7 

19.8 


Least mean difference for significance; 
.06 
.01 


Score 

3.82 

5.06 


Dry Weight 
3.46 
4.50 
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and highly significant differences among the score and dry weight 
means for the soils. These differences were without question of suffi- 
cient magnitude to be of commercial importance. 

Conclusions 

Snapdragons showed highly significant differences among their 
mean stem lengths when the plants were grown on seven different 
soils. Commercially the differences may not be of importance. The 
number of flower spikes per plant did not appear to be influenced 
by soil. 

Stocks grew uniformly and well on all soils. Differences in plant 
height were not significant. 

Cinerarias in pots showed differences in their response to the several 
soils; however, the differences between all soils were not significant. 
Plants on compost were far superior to those on any other soil, 

^ The fact that many of the soils performed so nearly alike with the 
cinerarias, that the differences among the snapdragons were probably 
not commercially important, and that all of the stocks were of good 
quality, lead to the assumption that many soils with proper handling 
can be made to produce good flower crops. 

Chrysanthemums and carnations are now being grown on the same 
soils to get information on those cr6|«J. 
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Nutritional Symptoms in the Carnation^ 

By Roger Clapp and Gayland E. Folley, University of Maine, 

Orono, Me. 

B IEKART and Connors ( 1 ) through the triangle system of nutrient 
study developed a nutrient solution for carnations in sand culture. 
They obtained the best result with a medium of coarse sand. 

Post (8) reports that when potassium was a limiting factor, the 
splitting was increased, but that when both potassium and phosphorus 
were absent a decrease in splitting resulted. He further states that in 
soil plots a high nitrogen soil condition increases production and at the 
same time increases the number of splits. On the other hand a higher 
potassium concentration decreased the production and reduced the 
number of splits. He further reports that phosphorus had no effect 
upon the production, but it did increase the number of splits. 

Weinard and Lehenbauer (12) found no consistent relationship 
between the fertilizer treatment and the occurrence of split calyxes. 
They further report that acid phosphate, used at the rate of 40 pounds 
per 100 square feet, gave a 6 per cent increase in production. Steamed 
bone gave no increase in yield. 

The New Jersey station reported (14) that the use of superphos- 
phate in the sand had no effect upon growth or upon the pH of the 
medium. 

Biekart and Connors ( 1 ) report that with an excess of potash, the 
carnation flower failed to open properly, the petals appearing as though 
glued together. 

Poesch reports (7) that the carnation plant does not require a large 
quantity of plant nutrients. He further states that this crop does require 
a high calcium content. 

Early work done in New Hampshire by Lumsden (5) in relation 
to commercial fertilizers shows that bone meal gave the best results as 
an all-around fertilizer, with Clay’s fertilizer second best and hen 
manure third. Nitrate of soda appeared to be the least valuable, 
although a response was noted soon after the application was applied. 

Dorner, Muncie, and Nehrling (3) reporting two years later on 
the use of commercial fertilizers, found that nitrogenous fertilizers 
produced a consistent increase in production and that nitrogen may be 
regarded as the limiting element in growth. 

Wiggin (13) reports that nitrogen applied during bright weather 
of spring and fall seemed to be the limiting element for good carnation 
growing. Superphosphate and humus seemed limiting at all times. 
Wiggin further reports that there is no correlation between length of 
stem and size of blossom. 

Pember and Adams (6) report that when nitrogen is added in large 
amounts the number of split calyxes of grade one and grade two 
flowers was reduced even when added to the extent that the plants 
were depressed in their growth and gave a reduction in number of 

^This is part of the junior author^s thesis for a degree of M.S. in Horticulture, 
University of Maine, 1938. 
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flowers. The authors state that a fertilizer of the analysis 4-10-4, or 
thereabouts, would be beneficial if applied at the rate of 5 pounds per 
100 square feet. The actual nutritional needs of a carnation are prob- 
ably supplied w^hen the dry material contains 2 per cent nitrogen, 
O.S per cent phosphoric acid, and 1.5 to 2 per cent potassium oxide. 

Laurie and Chadwick (4) report that when either phosphorus or 
potassium are deficient, the effects are similar. The plants have limber 
stems with foliage turning brown and dying. Deficient calcium gave 
weak stems. 

Davis (2) reports that the carnation plant does not express as pro- 
nounced symptoms of malnutrition as does the chrysanthemum. He 
states that it will stand a lot of abuse but still continue to function. 

Szendel (10) found that by increasing the frequency of nutrient 
application to sand cultures that the percentage of splits was increased. 
He finds some indication that phosphorus plays an important role in 
splitting. 

Materials and Methods 

Field grown plants of carnation, Peter Fisher (light pink), were 
received in early November, 1937. The soil was carefully washed from 
the roots of each plant and they were planted in a fine, washed, white 
quartz sand in 1-gallon glazed culture jars, one plant per jar. These 
jars^ were made with a drainage hole on one side near the bottom. 
Glass wool was placed over this hole to prevent the sand from washing 
out as the culture solution drained through. 

One liter a day of nutrient solution was passed through the sand by 
the constant drip method of Shive and Stahl (9). 

The jars were placed four abreast across the greenhouse bench. Two 
jars receiving similar nutrient solution were placed side by side (so 
as to lessen work in filling solution jars), and these groups scattered 
at random over the area. They were further adjusted so that no two 
groups receiving similar treatment were adjacent. Four jars received 
the same excess or deficient solution and eight jars received complete 
nutrient solution. 

The experiment was set up on the south bench in the carnation house 
of the University range. The house runs approximately east and west. 
This bench was chosen so as to afford sufficient sun at all available 
times, thus minimizing the possibility of shading from the regular 
benched carnation crop which had attained considerable height when 
the experiment was started. 

The carnations were grown at SO degrees F night temperature and 
a buoyant, airy condition was maintained in the greenhouse. The plants 
received fumigation for aphids along with the benched crop. Red spider 
mites were controlled by spraying with Selocide. 

Nutrient Solution:^— The complete nutrient solution, patterned 
after that proposed by Biekart and Connors ( 1 ) for carnations in sand 
culture, consisted of : 

•Product of Red Wing Pottery Co., Red Wing, Minn. 

•Baker’s C.P. reagents were used. 
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Grams per Liter 

Ammonium sulphate, (NH 4 ) 2 S 04 0.1835 

Potassium phosphate monobasic, KH 2 PO 4 0.2836 

Magnesium sulphate, MgS 04 . 7 H 20 0.5822 

Calcium nitrate, Ca(N 03 ) 2 . 4 H 20 2.407 


Minor elements were added as follows: iron 1 part per million, 
manganese 1 part per million and boron 0.5 part per million. 

• To create deficiencies of the several elements, substitute salts were 
used as follows: 

Minus N,, Na 2 S 04 was substituted for (NH 4 ) 2 S 04 and 
CaCL 2 - 2 H 20 was substituted for Ca(N 03 ) 2 . 4 H 20 

Minus P, KCl was substituted for KH2PO4 

Minus K, NaH 2 P 04 .H 20 was substituted for KH2PO4 

Minus Ca, NaNOs was substituted for Ca(N 03 ) 2 . 4 H 20 

Where an excess of the element was used, the salt containing it was 
doubled in amount. In the case of nitrogen the excess was divided 
between the two nitrogen carriers, ammonium sulfate and calcium 
nitrate, each contributing one and one-half times the regular amount. 

The concentrations of the solution were checked by the freezing- 
point depression method. The cryoscope readings were: complete solu- 
tion, 0.9026; +N, 1.149; -N, 0.6111; -hP, 0.9882, ~P, 0.9849; +K, 
1.065, — K, 1.069; 4-Ca, 1.456; —Ca, 0.8249 atmospheres. There is 
some variation among the solutions but it is believed that the discrepan- 
cies were not of sufficient magnitude to warrant any changes in the 
nutrient solutions. 

The hydrogen-ion concentrations of media and solutions, presented 
in Table I, show that both were strongly acid and that the media had 
a reaction less acid than that of the solution dripping into it. 

Results 

Excess Nitrogen: — Healthy, vigorous plants developed when the 
amount of nitrogen was doubled. Those receiving an excess of nitrogen 
had as stout stems and as large flowers as the plants grown on the 
complete nutrient solution but the stems and internodes were shorter. 
They exhibited a higher percentage of splits. 

Deficient Nitrogen: — ^The plants with deficient nitrogen were stunt- 
ed, the growth was hardened and the leaves were narrow with margins 
which were curled upward and inward. The tips of the older leaves 
exhibited a slight yellowing followed by complete yellowing. The 
blooms were smaller than those of the control, and the percentage of 
splits markedly decreased. The stems were slender and shorter. 

Excess Phosphorus: — ^The cultures with excess phosphorus re- 
sembled those of the control somewhat but were much smaller and 
lacked the characteristic healthy leaves. There was such variation in 
stem strength that it appeared unwise, if not impossible, to express it 
as a characteristic symptom. Two '"bullheads”^ were produced from 
the cultures during the course of the experiment. The blossom size 

*FIower exhibiting an overabundance of petals. 
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TABLE I — Hydrogen-ion Concentration 



Complete 

+N 

-N 

4-P 

~P 

+K 

-K 

4-Ca 

~Ca 

Solution 

5.S 

5.2 

.5.3 

5.0 

6.6 

6,2 

5.3 

6.2 

5.3 

Media* 1 

5.5 1 

6.6 

6.6 

5.6 

5.8 

6.5 


6,7 

5.6 


*Fine, white quartz sand. 


was smaller than in the control, whereas the average lengtli of internode 
was equal to that of the control. In addition, the average stem length 
was smaller, but not as small as those of the cultures deficient in nitro- 
gen. The percentage of splits was high. 

Deficient Phosphorus: — Plants lacking in phosphorus did not make 
much new growth, but what they did make was slender. The plants 
tended to be stunted, producing a hardened growth. The leaves did 
not exhibit the vigor which was characteristic of the control. Slender 
stems, a slight decrease in splits, a considerable decrease in size of 
bloom and average length of internode, and only a slight decrease in 
total stem length resulted from the treatment. 

Excess Pofasshiin: — Plants in the presence of an excess of potas- 
sium made very little growth. Most of the leaves were small and none 
approached the maximum size found in the controls. The percentage 
of splits was high with the average blossom size showing a consider- 
able decrease from the controls. The average length of internode and 
average stem length was the smallest of any in the whole experiment. 
The stems were slender, and one '‘bullhead” was produced. There was 
a resemblence between these cultures and those with a deficiency of 
nitrogen. The leaves failed to show symptoms of malnutrition other 
than that they were narrow and lacked the healthy bloom of the control. 

Deficient Potassium: — Deficient- potassium plants exhibited a de- 
cidedly stunted growth with slender hard stems. The percentage of 
splits was increased somewhat, whereas size of bloom was exceedingly 
small. The stems had decreased internodes, as well as, decreased total 
length. The leaves were narrow and lacked the healthy bloom whicli 
was characteristic of the control. These plants exhibited even less 
growth than did those lacking phosphorus. 

Szendel (11) reported to this group last year that in the advance 
stages of potassium deficiency, after 6 months of the deficiency, small 
yellowish, necrotic spots developed on the young leaves and on those 
from the middle part of the plant. 

Excess Calchmi: — Excess-calcium plants exhibited vigorous and 
healthy growth equal to the control. The stems were .stout, and the 
percentage of splits was the same as the complete nutrient solution, but 
the average size of bloom was a little smaller. The length of internode 
and the length of stem was slightly smaller than the plants on complete 
solution. 

Deficient Calcium: — Deficient-calcium plants died within a period of 
9 weeks after calcium was omitted from the nutrient solution. The 
plants turned pale green and then died. Not enough bloom was pro- 
duced to attach any significance to them. They produced slender stems 
with small internodes and short stems. 
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Tlie nieasureiTients of the flowers produced by. the various cultures 
are summarized in Table IT. 


TABLE II — Flower Production by the Plants Receiving the Excess 
OR Deficient Solutions 


Culture 

Total 

Bloomsf 

N um- 
ber 
Split 

Per 

Cent 

Split 

Average 

Blossom 

Size 

(Cm) 

Internode 

Length 

(Cm) 

Stem 

Length 

(Cm) 

Stem 

Strength 

Complete 1 

21* 

7 

33.33 

6.80 

5.74 

29.92 

Stout 

+N 

7 

3 

42.86 

6.77 

5.24 

23.10 

Stout 

-N 

11 

2 

18.18 

6.25 

4.51 

24.43 

Slender 

-HP 

10 

5 

50.00 

6.43 

6.76 

25.11 

S, M. and S 

-P 

10 ‘ 

3 

30.00 

6.34 

5.35 

27.20 

Slender 

+K 

10 

5 

60.00 

6.36 

3.58 

18.02 

Slender 

-K 


4 

44.44 

6J5 

4.25 

22.24 

Slender 

"HCa 

9 

3 

33.33 

6.33 

5.62 

27.07 

Stout 

-Ca 

2 

1 

50.00 

4.25 

4.71 

23.55 

Slender 


*Eight cultures. 

•{■Benched November, concluded May 1. 


Summary 

When the solutions either contained an excess or were deficient in 
nitrogen, phosphorus, potassium or calcium there were no clearly . 
defined symptoms except with the plants deficient in nitrogen which 
did exhibit a yellowing of the leaves. The best looking plants were 
those receiving the complete, excess-calcium and excess-nitrogen 
solutions. All others produced blooms of an inferior quality and in no 
instance did the plants appear as healthy. 

Plants receiving a deficiency of nitrogen are stunted and promptly 
become yellow. Those receiving an excess of potassium are likewise 
stunted and ultimately become yellow at the tips only. 

With the exception of those deficient in nitrogen or in phosphorus, 
and those with an excess of calcium, all others produced a higher 
l)ercentage of splits than the controls. Excess calcium, excess nitrogen, 
and the complete solution were the only treatments which produced 
stout stems. 
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Seed Treatments with Phytohormones and Talc^ 

By J. A. DeFrance, Rhode Island AgricnlHiral Experiment 
Station, Kingston, R. I. 

T he comparatively recent use of synthetic growth promoting sub- 
stances in vegetative propagation and other horticultural practices 
to produce various plant responses has led to its consideration for 
treatment of grass seed to stimulate germination, increase top and root 
growth, produce denser turf and increase disease resistance. 

Grace (2) using the method of seed treatment developed in his 
laboratory whereby application of honnone-chemicals is made with the 
use of a dust carrier, obtained stimulation of both root and top growth 
of barley seedlings gi^own in sand, and increased the dry weight of the 
tops and roots of month-old wheat plants grown in soil. He also tested 
a number of varieties of garden seeds and similar response was shown. 
He states, ‘'whether the increased early growth so clearly demonstrated 
in the laboratory and greenhouse can be translated to increased yield 
of crops in the field, can be demonstrated only by field experiments’’. 

Stier and du Buy (3) treated tomato seeds with certain phyto- 
hormone-talc preparations and obtained increased percentages of 
germination. The subsequent treatment of the plants with solutions of 
either indolebutyric or naphthaleneacetic acid at transplanting resulted 
in: (a) acceleration of the time of flowering; and (b) production of 
greater yields of fruit. 

Youden (4) treated wheat and soybean seeds in the dry state with 
indoleacetic acid, naphthaleneacetic acid, indolebutyric acid, talc, and 
Rootone to determine whether they influenced seed germination and 
seedling growth when grown in sand and soil in the greenhouse and in 
the field. No significant case was found in which the germination and 
growth of the treated lots exceeded the controls and in many cases the 
controls were superior to the treated lots. 

From the results of tests in which stolons, seed, and turf of various 
grasses were treated with numerous preparations of different types of 
growth substances, Cornman and Bengtson (1) state that, “there 
appears to be little or no likelihood of helping grass in a practical way 
with any of the growth substances now available”. 

A field test was made on a portion of the Rhode Island Agricultural 
Experiment Station farm at Kingston to determine the effect of various 
phytohormone dusts, commercial preparations, and talcs on germi- 
nation, growth, development and disease resistance of Rhode Island 
bent {Agrosfis tenuis Sibth.) and Kentucky bluegrass (Poa pratensis 
L.). 

Materials and Methods 

The following phytohormone dusts and materials were used : Auxan 
1, Auxan 2, naphthaleneacetic acid, a mixture of naphthaleneacetic 
acid and thiourea; P.C.C. Talc, obtained from the Pennsylvania Chem- 
ical Corporation, Orange, New Jersey; Rootone, and A.C.P. Talc 

^Contribution No. 591 of the Rhode Island Agricultural Experiment Station. 
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from the American Chemical Paint Company, Ambler, Pennsylvania ; 
and Hormodin No. 1 and Merck Talc from Merck & Co., Rahway, 
New Jersey. These materials were applied at the rate of one ounce to 
10 pounds of grass seed and thoroughly mixed witli the seed before 
planting. Thus, the seed was treated with the various phytohormone- 
talc mixtures ; and also with the various talcs alone that were used as 
carriers of the phytohormones, and was planted on fertilized and 
unfertilized plats. Rhode Island bent was seeded at the rate of 
pounds, and Kentucky bluegrass at 5 pounds to 1,000 square feet. 
The area planted to each grass was 50 by 30 feet, consisting of 60 
plats, containing 25 square feet each. All treatments and control plats 
were in triplicate. 

A 4-12--4 fertilizer made up of sulphate of ammonia, superphos- 
phate, and muriate of potash was thoroughly mixed with the upper 
3 inches of soil at the rate of 20 pounds to 1,000 square feet before 
seeding the fertilized plats. The soil (pH 5.0) was prepared in May; 
fertilizer was raked into the soil of certain plats June 4, and all plats 
were seeded individually on June 5. ^ 

An average of five readings of height of grass was made on each 
plat prior to mowing periods. Four sets of measurements on top 
growth were made during the season. Root samples were taken as 
1-inch plugs to a depth of 10 inches. Nine borings of each treatment 
were made in August and also in September. These w^ere placed on 
wire screen and washed free of soil. 

Density was measured the last of August and refers to the amount 
of crowding together of the leaves. 

Large Brownpatch disease, caused by Rhisoctonia solani Kiilin, 
which is quite severe on Rhode Island bent under conditions of high 
humidity and high night temperatures, was recorded in early August 
after an infestation. This was the heaviest attack during the seavson and 
afforded an excellent opportunity to observe the effects of the ])hyto- 
hormone treated lots with regard to disease resistance. 

Results and DiscUvSsion 

The effect of the various phytohormones and their respective talc- 
carriers on germination, rate oif top growth, density of turf, and dis- 
ease resistance is shown in Table 1. 

Germination : — There were no noticealile differences in rate of germ- 
ination and emergence of the seed with regard to the various phyto- 
hormone or talc treatments. Five days after planting, the seed on the 
unfertilized plats of Rhode Island bent had germinated and seedlings 
were up to inch. Kentucky bluegrass was much slower to germi- 
nate and appeared 10 days after seeding. However, where the soil had 
been fertilized just previous to planting, the Rhode Island Bent seed 
took approximately one day longer to germinate than on the check and 
other plats that received no preseeding fertilization. This was due 
apparently to the fertilizer withholding some moisture necessary for 
germination. This, however, was not the case with Kentucky bluegrass 
which did not exhibit this difference, thus unifoiTii germination was 
noted on the entire area. The few days difference in the normal rate 
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TABLE I-— Phytohormone and Talc Treatments of Rhode Island Bent 
AND Kentucky Bluegrass Seed 




Rhode Island Bent 


Kentucky Bluegrass 

Treatment 

Germi- 

nationf 

(Days) 

Height** 

(Inches) 

Density 

& 

BrownJ 

Patch 

(Per 

Cent) 

Germi- 

nation 

(Days) 

Height 

(Inches) 

Density 

(Per 

Cent) 

Rootone 

6 

1.12 

62 

3.4 

10 

1.05 

36 

Rootone* 

6 

1.91 

86 

2.6 

10 

1.79 

53 

A. C. P. talc 

6 

1.13 

62 

2.8 

10 

1.03 

35 

A. C. P. talc* 

6 

1.90 

90 

1.1 

10 

1.70 

52 

Hormodin No. 1 

6 

1.21 

t 62 

2.7 

10 

.97 

32 

Hormodin No. 1* 

6 

1.91 

90 

1.4 

10 

1.82 

59 

Merck talc 

5 

1.19 

1 66 

2.0 

10 

1.09 

38 

Merck talc* 

6 

2.03 

88 

1.5 

10 

1.61 

52 

Auxan No. 1 

5 

1.34 

1 68 

1.9 

10 

1,18 

44 

Auxan No. 1* 

6 

1.92 

91 

2.4 

10 

1.69 

59 

Auxan No. 2 

5 

1,17 

62 

2.6 

10 

1.07 

39 

Auxan No. 2* 

6 

2.01 

88 

1.5 

10 

1.76 

55 

P. C. C. talc 

5 

1.22 

64 

1.8 

10 

.99 

38 

P. C. C. talc* 

6 

1.92 

92 

1.8 

10 

1.71 

54 

Naphthalene acetic acid 

5 

1.20 

68 

1.6 

10 

1.04 

39 

Naphthalene acetic acid*. , . , 
Naphthalene acetic acid and 

tnio-urea 

Naphthalene acetic acid and 
tnio-urea* 

6 

2.00 

96 

3,0 

10 

1.78 

57 

6 

1.28 

68 

2.1 

10 

1.03 

54 

6 

2.02 

91 

1.8 

10 

1.79 

56 

Check 

5 

1.29 

66 

2.3 

10 

1.08 

40 

Check* 

6 

2.04 

88 

2.9 

10 

1.68 

57 


*— With preseeding fertilizer 4-12-4 at 20 pounds per 1,000 square feet. ^ 

** =a Average of heights measured before eacn mowing during the season. Sijcty readings of each 
treatment, 

t = Grass germinated and up about M inch. 

j “Notes on Brownpatch taken after attack of disease on August 13. 


of germination of Kentucky bluegrass undoubtedly allowed the ferti- 
lizer time to go into solution and not interfere with germination. 

Top Growth : — ^The data in Table I show no significant differences 
in the average rate of top growth of Rhode Island bent between the 
different phytohormone treatments, and the controls, nor between the 
various materials and their respective talc carriers. The main difference 
that can be noted is the response on the plats that received the pre- 
seeding fertilizer whether or not the seed was treated with phytohor- 
mone. The results were much the same with the Kentucky bluegrass 
series. No significant differences that could be attributed to the treat- 
ments were noted with regard to the rate of top growth on the ferti- 
lized or unfertilized plats. 

Density of the Turf : — No significant increases in density were noted 
on the unfertilized plats of Rhode Island bent; however, there ap- 
peared to be a slight increase on the lot treated with naphthaleneacetic 
acid on the fertilized plats. The treated plats of Kentucky bluegrass 
had much the same density as the controls, except in the case of naph- 
thaleneacetic acid dust and thiourea on the unfertilized plats which 
had a percentage rating of 54 as compared with 40 for the check. 
In a few instances the treated lots were not so dense as the control plats. 

Root Growth : — No differences were noted in length or amount of 
roots on any of the plats planted with hormone-treated seed. 

Large Brownpatch disease apparently was not controlled or reduced 
appreciably by the phytohormone seed treatments either on the ferti- 
lized or unfertilized plats. 
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In all cases the use of preseeding fertilizer produced an increase in 
top growth and density on both the Rhode Island bent and Kentucky 
bluegrass plats. The rate of germination, growth and density of the 
bent grass was superior to bluegrass. 

Summary and Conclusions 

A field study was made to determine the effect of seed treatments 
with certain phytohormones and talc on germination, growth, density, 
and disease resistance of Rhode Island bent and Kentucky bluegrass ; 
with and without preseeding fertilization. No increase in rate of germi- 
nation of the treated seeds was noticeable on either the fertilized or 
unfertilized plats. In no case did the top growth of the treated lots 
exceed the controls on either the fertilized or unfertilized plats of 
Rhode Island bent and no significant differences occurred on the 
Kentucky bluegrass series with regard to top growth. 

There was no consistent increase in density with any of the treat- 
ments and in certain cases the treated lots were not so dense as the 
controls. No differences were noted in length or amount of roots on 
any of the treated lots when compared with the controls. There was 
no substantial evidence that large Brownpatch disease was controlled 
by the various treatments. There was a decided increase in top growth 
and density on both the treated and untreated lots where preseeding 
fertilizer was used. Observations of these test plats will be continued 
during the season of 1941 to ascertain any further results. 
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Studies With Rooting Media for Florida Ornamentals 

By J. V. Watkins and G. H. Blackmon, University of Florida, 
Gainesville, Fla. 

I T IS well known that a congenial medium is of first importance in the 
successful rooting of cuttings. Some of the essential characteristics 
of such a medium are — ^the ability to hold large amounts of water, the 
capacity for aeration as occasioned by a porous, friable condition, free- 
dom from toxic substances and a slightly acid reaction for most of the 
ornamental plants that are grown by Florida nurseries. In addition, the 
substance must be free from rapidly decaying material and it must be 
comparatively cheap and easily accessible. 

In order that recommendations could be made to Florida nursery- 
men, trials were conducted with leafy softwood cuttings during the 
spring and summer of 1939. The investigations were conducted on the 
grounds of the Horticulture Department of the Florida Agricultural 
Experiment Station and cuttings were taken from plants in the col- 
lection of the University of Florida. 

The most widely used rooting medium is sharp sand, but it is not 
necessarily the best for Florida ornamentals as shown by data pre- 
sented herewith. Apparently the addition of a suitable organic material 
to the sharp sand makes for a more congenial mixture for cuttings to 
stand in while their roots are being formed. Ordinarily, the natural 
organic soils of Florida are heavily infected with decay or^nisms and, 
without sterilization, they are unsuitable for rooting media. 

For the tests reported here, several organic and inorganic materials, 
some of them by-products of southern crops, were used in varying 
combinations. Each substance, in mixture, produced a medium that 
was loose in texture, open, friable and very agreeable to handle. 

A temperature that is favorable to the normal, active growth of a 
mature plant is necessary for the rooting of its tips as cuttings. That 
the temperatures during these investigations were most favorable is 
attested by the facts that root formation was rapid, mortality was low. 

Materials and Methods 

A ground bed was constructed in a standard half-shade lath house 
by placing 8-inch planks of pecky cypress on edge. At 3-foot intervals, 
cross partitions were installed and into these resulting sections, the 
different media were packed. Light bamboo frames, to which double 
layers of cheesecloth had been fastened, were employed to diffuse the 
sunlight and to protect the leafy cuttings from drying winds. These 
frames were lifted each day at noon and the plant material was thor- 
oughly syringed with a fine spray. During the months of May through 
September, this equipment has given satisfying results with more than 
70,000 cuttings and apparently such facilities are adequate for summer 
propagation of leafy cuttings in Florida. 

The media that were used in these studies are briefly described as 
follows: Peat moss — the horticultural grade of the baled European 
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product. Peanut hulls — ground peanut shells that had been received 
from a large peanut processing plant. Pecan crushed shells that 

are now waste material at pecan cracking plants. Sawdust — fresh, un- 
decayed cypress sawdust that was delivered from a local mill. Mikolite 
—the trade name for a vermiculite ore from Wyoming that has been 
expanded at about 2,000 degrees F. This sterile silicate of iron, alumi- 
num and magnesium, sold as a proprietary soil conditioner was fur- 
nished by the manufacturer. Coarse quarts sand — a yellowish-white 
sand pumped from Florida’s fresh- water lakes is widely used in the 
building trades. This substance was used alone, as well as in half-and- 
half mixtures with peat moss, peanut hulls, pecan hulls and sawdust. 
Norfolk sitbsand — strictly, Norfolk fine sand, subsurface — the fine yel- 
low sand that is procured by digging some 3 feet below the surface of 
the soil upon which the Univei'sity of Florida stands. This mateidal is 
free from organic matter, and was mixed in equal parts with peat 
moss as one medium in the experiment. 

The operator was watchful that the cuttings remained turgid while 
they were being collected and prepared for the bed. The stem cuttings 
were made up in the usual way, about 4 inches in length with the upper 
tw^o or three leaves intact. The leaf-bud cuttings were prepared after 
the manner described in a former paper (1). As prior tests (1, 2) 
showed that cuttings listed in Tables I and II developed root systems 
more quickly when they were treated with a root-inducing chemical, 
all of the cuttings in this trial were dipped in hornionized talc. As 
optimum concentrations had been determined in these earlier tests 
(1, 2), the percentage of indolebutyric acid in the talc carrier varied 
with the species that was being treated. 

The standard cuttings were set at a slant of approximately 30 
degrees so that the leaves were in close contact with the moist sub- 
stratum. The shields of stem tissue in the leaf-bud cuttings were just 
barely covered, the single leaf lying flat on the rooting medium. After 
the plant material had been set, the bench was flooded with a gentle 
stream from the hose and the cheesecloth shades were put into place. 
Random selections were made for inspection every 10 days and the 
entire lot of any given variety was lifted for recording when 80 per cent 
or more of the leading group was ready for potting. 

The technique described above has given good results in these and 
earlier propagation experirnents. The cuttings remained in excellent 
condition in all cases ; wilting and abscission of the leaves were not 
observed, and mortality was quite Iowl Representative individuals from 
all classes were potted for further observation. They grew into normal 
plants that were salable at the end of the first season. 

Results 

Data presented in Tables I and II indicate that several mixtures 
of organic and inorganic substances are acceptable as rooting media 
for plants that are widely grown as ornamentals in Florida. These 
data show significant responses of all species tried in the various 
mixtures. However, certain plants were outstanding for one or an- 
other reason and these might be noted, 
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TABLE I — Response of Standard Cuttings* to Different Rooting Media 


Media 

pH 

Hydrangea tnacrophylla 
(Otaksa) 

Chilopsis linearis 

ThryalHs glauca 

Duranta repens 

Podocarpus tnacrophylla 
maki 

to 

1 

to 

1 

•Si 

•♦a 

Cocculus laurifolius 

Azalea canescens 

Schinus ierebinthifolius 

Severinia buxifolia 

Ilex cornuta 

Ficus repens 

Norfolk and peat 

4.82 

8 

10 

10 

10 

7 

7 

S 

8 

6 

10 

4 

2 

Peanut hulls and sand 

6.29 

10 

10 

10 

6 

' 7 

9 

g 

7 

5 

5 

2 

6 

Peat moss 

3.95 

10 

10 

9 

8 

9 

9 

5 

9 

4 

3 

6 

2 

Peat moss and sand 

4.45 

10 

10 

9 

10 

7 

10 

4 

5 

7 

3 

3 

3 

Pecan hulls and sand 

5.85 

10 

10 

8 

8 

9 

2 

7 

3 

8 

3 

8 

3 

Norfolk subsand 

4.29 

10 

10 

7 

3 

8 

6 

8 

7 

0 

5 

3 

0 

Coarse quartz sand 

6.31 

10 

4 

9 

8 

2 

3 

0 

0 

0 

1 

0 

7 

Cuttings ready for potting 














by variety 


68 

64 

62 

53 

49 

46 

41 

39 

30 

30 

26 

23 


*Ten cuttings of each variety were dipped in a hormoni 2 ed talc (2) and inserted in each medium. 


Hydrangea macro phyll, Otaksa showed the greatest tolerance for 
rooting media, giving a very high percentage of heavily rooted cuttings 
in all substances. Ilex cormita and Ficus repens were apparently least 
tolerant, showing a definite reluctance to root in several media. 

While no significant differences are seen between responses in the 
mixtures, most species demonstrated a notable reluctance to root in 
the sands containing no organic material. There is no apparent cor- 
relation between acidity and rooting. 

With leaf-bud cuttings, Croton {Codiaeum variegatiim) showed the 
greatest tolerance for varying media, while single red hibiscus {Hibis- 
cus rosor sinensis) was least tolerant in this respect. 

Using Chi square, the numerical difference between the response 
of the stem cuttings to organic mixtures and their response to washed 


TABLE II— Response of Leaf-bud Cuttings* to Different Rooting Media 


Media 

pH ' 

Codiaeum variegatum 
(maculatum katonii) 

Codiaeum variegatum 
(var. tortilis) 

Codiaeum variegatum 

(Baronne de Rothschild) 

Cocculus laurifolius 

Azalea indica formosa 

Hibiscus rosasinensis 
(Single red) 

Peat and mikolite 

6.11 i 

9 

10 

10 

10 

7 

10 

Peat and sand 

4.45 

10 

10 

9 

9 

10 

7 

Sawdust and sand 

6.21 

10 

9 

10 

8 

7 

5 

Norfolk subsand 

4.29 

10 

10 

8 

9 

6 

6 

Cuttings ready for potting by variety 


39 

39 

37 

36 

30 

28 


*Ten cuttings of each variety were treated with a hormonized talc (2) and inserted in each 
medium. 
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sands is seen to be significant. The prol)abiIity of occurrence l.)y chance 
is less than one in a hundred. On the other liatid, liy the same method, 
the rooting i*esponse of the leaf-bud cuttings to organic blends in 
comparison to their behavior in Norfolk fine sand, subsurface, was 
found to be insignificant. 

In terms of percentage, 70 per cent of stem cuttings, all sj)ecies, from 
mixtures were ready for potting, while only 46 per cent of those from 
sand were well rooted. In the trial with leaf-bud cuttings, 88.8 per 
cent of those in blends were well rooted while 70 per cent of tlie 
cuttings, all species, in washed sand, were ready for potting. 

Conclusions 

Several different mixtures may be used for rooting cuttings of 
Florida ornamentals. Blends of organic substances with sand are ap- 
parently more acceptable than are washed sands. It is suggested that 
plantsmen who have been using washed sand exclusively for propa- 
gation by cuttage consider the use of different mixtures to increase 
those plants which show a resistance to multiplication. 
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Peat Moss as a Soil Amendment for Roses 

By R, C. Allen, Cornell University, Ithaca, N. F, 

T he rose is one of the more popular garden plants and the prepa- 
ration of the soil under garden conditions is an important con- 
sideration. Manure has been recommended as a beneficial material to 
use, but in urban districts the difficulty of obtaining an adequate sup- 
ply of satisfactory quality greatly limits its use. At the suggestion of 
the American Rose Society some experiments were started to find a 
satisfactory substitute for manure in the preparation of soil for garden 
roses. 

In the spring of 1938 some experiments were started to demonstrate 
the relative value of different types of organic materials on the growth 
of roses. Imported German peat moss which was generally considered 
to l3e harmful was included with the other organic materials in order 
to observe its supposed deleterious effects. Almost immediately, the 
appearance of the plants showed the addition of peat moss to be not 
only unharmful, but exceedingly beneficial under the conditions of 
the test. 


Materials and Methods 

Two-year-old field grown hybrid tea roses of the varieties Signora 
and Miss America budded on multiflora understocks were used. The 
plants were set in the early spring (about April 1st). They were 
pruned to about 6 inches above the ground. No other pruning treat- 
ment was given except that in each succeeding spring they were again 
pruned back to 6 inches above the ground. 

Common readily available types of organic materials were used. 
The soil was removed from the beds to a depth of 18 inches. The 
organic material mixtures were made on a volume basis. The soil and 
organic materials were thoroughly mixed outside of the beds. pH 
determinations were made every 2 weeks throughout parts of the 
period of the experiment. The pH was determined by the Quinhydrone 
Electrode Method. Since the soil was of a naturally fertile type, no 
fertilizers were applied during the period of the experiment. 

The soil selected was Chenango silt loam. The organic materials 
used were well rotted manure, imported German peat moss and culti- 
vated reed peat (hyperhumus). The peat moss was mixed with the 
soil in the proportion of one part of peat to one part of soil by volume. 
The well rotted manure was used in the proportion of one part of 
manure to two parts of soil and the cultivated reed peat as one part 
to three of soil. 

The plots were 10 by 5 feet and each was planted with 12 uniform 
plants of each of the two varieties. 

During the growing season the flowers were removed periodically, 
and the number recorded. Only the flower and its pedicel was removed 
so that none of the shoot growth was cut off. At the end of the season 
the entire shoot growth of each plant was measured and recorded. 
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TABLE I— The Effect of Different Types of Organic Materials on 
THE Growth of the Hybrid Tea Rose Signora 


Organic Material 

Mean Shoot Growth (Inches) 

1st Season 

2nd Season 

3rd Season 

Clxeclc soil. Chenango gravelly silt loaxn 

32.4 

89.7 

128.5 

Reat moss (1 part to 1 part of soil) 

04.5 

164.5 

196.9 

Cultivated, reed peat (1 part to 3 of soil) 

38.3 

92.1 

123.5 

Manure (1 part to 2 of soil) 

19.3 

30.2* 

169.0t 


*Mean of eight plants; four of the 12 had died. 

tMean of three plants; nine of the original 12 had died during the course of the experiment. 


Results 

The results of this experiment in total shoot growth over a three 
year period for the variety Signora are recorded in Table 1. The 
flower production of the variety Signora and the growth and flowering 
response of the variety Miss America showed the same general trend. 

Peat moss was the only organic material which consistently im- 
proved the growth of the roses over a 3-year period. The cultivated 
reed peat plots showed a slight improvement over the check but this 
slight difference did not prove to be statistically significant. 

It is important to note that the greatest benefit in growth was 
observed during the first season. Statistical analysis showed odds 
greater than 9999 to 1 in favor of the peat moss treatment at this time. 
At the end of the second season the odds were only 121 to 1. By the 
end of the third season, even though the apparent difference between 
the plots was large, the odds were only 29 to 1 in favor of the peat 
plot, largely because of the increased variability of the plants. This 
substantiates the observation made in other experiments that the great- 
est benefit of peat moss is evident during the first season of growth. 

Discussion 

The benefit derived from incorporating peat moss in the soil is not 
wholly understood. It is possible that the peat may have changed the 
hydrogen ion concentration to a more favorable point. This, however, 
is not well borne out by the pH determinations made during tlie course 
of the experiment. The pH value of the original soil as indicated by 
samples taken 6 inches below the surface was 6.18. With the addition 
of peat the pH value dropped to 5.10. At the end of 4 months the 
pH value of the soil plot was 6,12 while the pH value of the peat 
plot had raised to 5.80. During the second years growth the pH value 
for the soil plot varied from 6.04 to 6.37, while the peat plot varied 
from 5.81 to 6.2. During the third season the pH value maintained the 
same relationship. It seemed doubtful that this slight difference in pH 
value could be responsible for the decided difference observed in 
growth. 

There is the possibility that the peat might have affected the 
nutrient content of the soil. Periodic tests by the Morgan Universal 
Soil Testing System showed the nitrate nitrogen to range between 
low and very-low in the peat plot but medium to medium-high in the 
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soil. This suggests that a low nitrate content in the growing media 
is more conclusive to the growth of roses than a higher one. 

The diflference in water holding capacity of the different soil and 
soil-organic material mixtures varied considerably and it is possible 
that these differences may have exerted some effect. The peat also 
affected the aeration and physical condition and these factors undoubt- 
edly played some part in improving the growth. 

The plants set in the soil manure mixture seemed to be at a dis- 
advantage from the start. Several of the plants failed to make any 
growth at all and died before the end of the first season. By the end 
of the third season more than half of the plants had died. The amount 
of manure used was higher than would normally have been applied 
under garden conditions. It is possible that if a lesser amount had been 
incorporated more favorable growth conditions would have been ob- 
tained. The large quantity was used to emphasize any favorable or 
deleterious effects from the use of manure. 

It is possible that the low hydrogen ion concentration observed soon 
after the plants were set may have accounted to some extent for the 
poor growth. While the original pH value of the soil was 6.18, the 
pH value of the soil-manure mixture was 7.91. By the end of 4 months 
the pH value had lowered to 6.96. Throughout the rest of the experi- 
ment the pH value of this plot averaged about .5 pH higher than 
the soil. 

The nitrate nitrogen content was also a possible factor. In the soil 
manure mixture the nitrate content by the Morgan test was very high 
during the early part of the first season and varied from medium-high 
to high during the following seasons. 

The water holding capacity of the soil-manure mixture was some- 
what higher than the soil alone but not as high as that of the soil peat 
mixture. The aeration and physical condition of the soil was not 
altered as greatly as when peat was used. 

This paper is not presented to answer the questions concerning the 
value of peat moss as a soil amendment but rather to show that peat 
is a desirable substitute for manure in the preparation of the soil for 
roses. It serves also to point out some of the problems or factors in- 
volved in the preparation of the soil for roses which will form the basis 
for future work of a more detailed nature. 



Further Studies on the Effects of Synthetic Growth 
Substances on Cuttings and Seeds 


By L. C. Chadwick and John C. Swartley, Ohio Slate 
University, Columbus, Ohio 


T his report, presented in brief form, is a continuation of the one 
given last year to this Society, and includes most of the experi- 
mental work with cuttings and seeds conducted at Ohio State Uni- 
versity during the past year. Tables are omitted since a complete re- 
port will be published elsewhere. 

d 


Cuttings 


Cuttings of Narrowlcaf Evergreens : — The effects of synthetic 
growth substances on the rooting of various species of narrowlcaf 
evergreens have been rather intensively investigated. Recently, vari- 
ous auxiliary methods of technique and treatmetit have been suggested 
to supplement the effects of these substances. 


Effect of Acidity of Growth Substances on Rooting 

Commercial preparations such as Rootone, Transplantone and Hoi> 
modin were thoroughly mixed with sufficient malic acid tf> lower the 
pH to 3. These mixtures, together with the regular preparations, were 
used to treat cuttings of Juniperus chinensis pfitseriana and 7'axns 
cuspidata taken at various times of the year; namely, November 30, 
January 7, February 7, and March 8. 

The acid mixtures gave significantly better rCvSiilts than the regu- 
lar mixtures with the November 30 cuttings of Pfitzer Juniper and 
the November 30 cuttings of Japanese Yew treated with Rootone 9A. 
Cuttings of Juniperus chinensis pfitzeriana taken November 30 rooted 
36 per cent when treated with Rootone 9A, 64 per cent wlien treated 
with acid Rootone 9A, 64 per cent with Hormoclin 3, and 80 I’ler cent 
with acid Hormodin 3. Taxus cuttings taken on November 30 rooted 
36 per cent with Rootone 9A, 60 per cent with acid Rootone 9A, 44 
per cent with Hormodin 3, and 16 per cent with acid Hormodin 3. In 
all other cases the acid mixtures were more or IcSvS toxic. This may 
have been because the increased acidity makes the growth substance 
more effective, thereby causing the reaction of a stronger concentra- 
tion. Cuttings taken after the first of the year, when their rest period 
has been broken, will not tolerate the stronger concentrations. PrevioiivS 
experiments have indicated the necessity of using weaker concentra- 
tions of growth substances in late winter. 

The stimulating effect of Transplantone 2 on the November 30 
lots of juniper and taxus was rather interesting. Nearly all unrooted 
cuttings of juniper treated with Transplantone were callused when 
removed from the bench. All except one of the unrooted cuttings of 
jumper treated with acid Transplantone 2 had developed root initials. 
These unrooted cuttings were replaced in the sand and a few weeks 
later nearly all of them had rooted sufficiently for potting. There was 
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no toxic effect of Transplantone on the cuttings. This was not true 
with Hormodin and Rootone. 

The two plants responded differently to treatment* With the Pfit- 
zer Juniper, the optimum treatments gave significantly better results 
than the controls at all times tested. With Taxus cuspidata, the control 
rooted better than any treatment with the cuttings taken January 7 
and March 8. With the February 7 lot the optimum treatments gave 
significantly better results than the control and with the lot taken 
November 30 the optimum treatments were only slightly better than 
the controls. 


Effect of Talc Alone on Rooting 

Canadian talc dust alone was used in the acidity tests to check its 
effectiveness. With juniper the effects were inconsistent. With taxus 
the talc showed some positive effects on lots taken November 30 and 
February 7 giving some support to the contention that talc alone has 
some stimulating effects. With the November 30 lot of cuttings, those 
treated with talc rooted 88 per cent compared with 68 per cent for 
the controls. The results with the February 7 lot were even more 
significant. 

The Relation of High Bottom Heat to the Effectiveness 
OF Growth Substances 

A bottom heat of 80 to 85 degrees F was compared with one of 70 
to 75 degrees F in the rooting of Juniper us chinensis p fitter iana and 
Taxus cuspidata. The results obtained with the high bottom heat were 
unfavorable. This may have been due partially to the difficulty in ade- 
quately controlling the moisture of the medium. In no case was the 
rooting higher where the high bottom heat was used and in three of 
the five, tests it was significantly less. 

Effect of Retreatment with Growth Substances 
ON THE Rooting of Evergreen Cuttings 

After most of two lots of each of Juniperus chinensis pfitseriana 
and Taxus cuspidata cuttings were callused, they were removed from 
the bench, retreated with the same substance that was used originally 
and replaced in the bench. In the few cases where roots or root initials 
had already appeared, a retreatment was not given since the concen- 
trations optimum for root initiation are altogether too strong to favor 
root growth. 

The effects of retreatment were not consistent. With the Pfitzer 
Juniper cuttings taken November 30, a retreatment with Rootone 9 A 
was slightly beneficial, while the retreatment of Hormodin 3 was 
detrimental. With the lot taken January 7 the reverse was true. The 
only striking positive result was obtained in the retreatment of the 
November 30 lot of Taxus cuspidata cuttings with Hormodin 3. But 
in this case the controls rooted as well as the treatments. Certainly the 
results of this experiment do not warrant the extra labor involved 
although retreatment had the tendency to produce heavier root 
systems. 
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Effect of V itamin Bi on the Rooting 
OF Evergreen Cuttings 

A preliminary experiment was set up in order to ascertain the 
effect of vitamin Bi on cuttings previously treated with synthetic 
growth substances. Duplicate lots of cuttings of Taxus cuspidata and 
luniperus chmensis pfitseriana were set January 7 and one lot was 
watered with a 1“1,000,000 solution of vitamin Bi January 19. 

The addition of vitamin Bi had no effect except when the cuttings 
had been previously treated with synthetic growth substances. With 
previous treatment the results were significant, especially with Taxus 
cuspidata, Taxus cuttings taken in January rooted as follows : control 
70 per cent, acid Rootone 9A 30 per cent, acid Hormodin 3 40 per cent, 
acid Rootone 9A plus vitamin Bi 80 per cent, and acid Hormodin 3 
plus vitamin Bi 90 per cent. This supports the theory that vitamin 
Bi does not stimulate root initiation on cuttings but does stimulate 
the growth of the initials after they have formed. Another significant 
result was that the addition of vitamin Bi apparently rendered the acid 
mixtures less toxic. 

Contributing Effect of Injuring the Base of the Cutting 
Before Treatment 

Injuring the base of Ilex opaca cuttings before treatment with syn- 
thetic growth substances has given an additional effect in root produc- 
tion. Since Pfitzer Juniper is usually difficult to root in good percent- 
ages, this plant was chosen for experimentation. One lot of 25 cut- 
tings was prepared by making two opposite slits on the lower inch of 
each cutting with the point of a knife. The knife was twisted slightly 
and then drawn down so that a slight groove resulted. This lot and 
a check lot of cuttings were then treated with Hormodin 3. 

The effect of injury was significant, particularly in the formation 
of heavier root systems on the sliced cuttings. Sliced cuttings rooted 
52 per cent while the unsliced cuttings rooted only 24 per cent. Forty- 
eight per cent of the sliced cuttings had heavy root systems while 
only 8 per cent of the unsliced cuttings showed heavy root systems. 
The percentage of rooting was not particularly good in any case but 
it must be remembered that March 8 is late for taking juniper cuttings. 

Seeds 

Perennials: — ^Various types of seeds were treated with growth sub- 
stances January 12, 1940, to determine their effects on germination 
and subsequent growth. Each variety was represented by three lots of 
50 seeds each. Two lots were treated with naphthylacetamide and 
indoleacetic acid respectively, mixed with thiourea and talc in the 
following proportions : 7 parts growth substance, 3 parts thiourea and 
20,000 parts fine talc. The third lot was used as a control. 

The growth substances were applied to the seeds by mixing them 
together in a test tube so that only a light coat of the mixture adhered 
to the seed. Following is a list of the perennials that were tested : 
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Achillea ptarmicd^ 

Alyssum saxatile 
Anemone pulsatilla rubra 
Anthemus kelwayi 
Aquilegia Crimson Star 
Asclepias tuberosd^ 

Aubretia Monarch Mixture* 
Boltonia asteroides 
Cheiranthus linijolius 
Coreopsis Double Sunburst 
Delphinium Martin’s Stock* 
Dianthus alpinus ahmodi^ 
Digitalis Glox Rose 
Erigeron coulteri 
Gemn Orange Queen 
Heliopsis pitcheriana^ 
Incarvillea delavayi 
Liatris pychnostachya 
Lobelia cardinalis 


Lupinus Blue King (8 seeds 
per plot) 

Lupinus Rose Queen 
Lychnis Arkwright Hybrids 
Matricaria Dwarf Golden Ball 
Oenotheria Youngi 
Papaver nudicaulc Stanford’s 
Giant* 

Penstemon gloxinoides Sensation 
Platycodon mariesv^ 

Polemonium richardsoni 
Potentilla nepalensis^ 

Pyre thrum James Kelway* 
Pysostegia virginica rosa 
Rudbeckia Autumn Forest 
Saxijraga cordifolia 
Silene saxifraga 
Veronica longifolia hendersoni 
Viola Arkwright rubra 
Viola Chanfreyland"^ 


For each lot, the first date of germination was recorded and there- 
after daily germination counts were made. The effects of treatment 
with growth substance were considered significant in only 11 cases.* 
Considering these 11 types, Achillea ptarmica and Delphinimn Mar- 
tin’s Stock were best when treated with naphthylacetamide. The con- 
trol gave much the best results with Aubretia Monarch Mixture, Heli- 
opsis pitcheriana and Platycodon mariesi. The other six gave the best 
results with indoleacetic acid treatments. The average date of germi- 
nation of 21 types showed the treated seed slightly advanced over un- 
treated seed. Here again indoleacetic acid showed some advantage 
over naphthylacetamide. With 12 types the controls germinated first 
and with four types there was no significant difference between the 
treated and untreated lots. 

Since a few of the plants showed later differences in growth, samples 
were taken April 1. From 2j4-inch pots the five best plants were 
selected from each lot of Anthemus kelwayi, Dianthus alpinus alwoodi, 
and Pyrethrum James Kelway and fresh and dry weights of tops and 
roots were recorded. 

The effect of the treatment was significant with Dianthus alpinus 
alwoodi and Pyrethrum James Kelway. With these two plants, naph- 
thylacetamide was more effective than indoleacetic acid in stimulating 
subsequent growth. With Pyrethrum James Kelway, for example, the 
naphthylacetamide gave an ^ per cent increase in dry weight. 

Since the results obtained in the foregoing tests were not conclusive, 
it was thought that the concentration of the growth substances might 
not be strong enough. Therefore, it was decided to increase the con- 
centration. In addition, in order to check the method of application, 
the usual method was compared with the actual sowing of seed and 
dust together. Naphthylacetamide in a mixture with talc was used as 
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the growth promoting agent. The amount of growth vsubstances ap- 
plied w^as uniform in all cases. The seeds were planted March 1, 1940. 

The results obtained indicate that the application of the substance 
directly in the row, either of the strong ( 1-500) or weak concentra- 
tions (1-2000), has a retarding effect upon both the germination and 
subsequent growth of the seedlings. In the case of the application of 
the substance to the seeds, the results follow quite closely those of the 
first tests. 

Woody Plants: — Seeds of Clematis tangutica and Aisalea kaempferi 
were given the same treatments as the perennials. No really signifi- 
cant differences w^ere noted. Several species of woody plants, includ- 
ing Cofoncaster divaricata, foveolata, Diospyros virginiana, Ginkgo 
biloha, Ilex opacOj Juniperus procumbens and Vibnrmm lantana, dis- 
playing various types of delayed germination, were treated with talc 
mixtures in the proportion of one part active substance to 500 parts 
talc. Only Diospyros virginiana and Ginkgo biloha gave any differ- 
ences in germination. Although there were some differences in rate 
of germination and subsequent growth, in favor of the treatment, 
these differences were not significant. 

One possible reason for the small amount of positive evidence gath- 
ered in this study with seeds may be the highly alkaline condition of 
Columbus water. This possibility is now being investigated. 



Carnation Variety Patrician in Various Nutrient 
Solutions and Substrates (Progress Report^) 

By George A. Beach, Colorado Experiment Station, 

Fort Collins, Colo, 

C ARNATIONS are the most important single crop in Colorado 
greenhouses. Experimenting with greenhouse crops in nutrient 
solutions, several workers have reported more satisfactory results with 
carnations than with other crops. It is worth while, therefore, that 
Colorado growers know the commercial feasibility of this method. 

An ordinary greenhouse bench was waterproofed and planted April 
4 with variety Patrician. The bench was partitioned in order to compare 
several different substrates including sand, gravels, charcoal, carbon, 
quartz, and Vermiculite which were automatically subirrigated three 
times daily from separate reservoirs (once daily in winter). 

No attempt was made to grow these plots as pure cultures, since 
results were sought which would have direct application to commer- 
cial greenhouse production. 

The surfaces of the substrates were not darkened, and algae grew 
freely (especially on sand, quartz, and carbon). Tap water and in- 
expensive chemicals were used. Springtails (Collembola) soon ap- 
peared in several different substrates. An attempt was made to control 
them by nicotine spot fumigation while the plots were flooded and 
again by leaching with nicotine spray solution. These treatments were 
ineffective, and soon considerable numbers of these insects could be 
found in all plots. This, of course, adds another variable, but is a 
condition which at least in this area would probably be a factor in 
commercial production in nutrient solutions. 

Ten different substrates, including soil for a check, and 10 different 
solutions were compared on 240 plants spaced 7 inches by 9 inches 
in 30 plots. Seven substrates were arranged in three systematic repli- 
cations and were planted from 2-inch pots on April 4. They were : 

1. Soil (steamed bench soil). 

2. Vermiculite {%. inch) (A heat-treated mica sold for building 
insulation) . 

3. Wood charcoal (J4 inch). 

4. Cokettes (oil-retort carbon briquettes crushed to: dust to 
inch). 

5. Coarse gravel to inch). 

6. Fine gravel to yi inch). 

7, Sand (propagating sand which retained some silt after several 
washings) . 

In addition to these were: one plot each of quartz (% to inch) 

with charcoal inch deep over the surface; quartz (J4 to inch) 

to which was added 1 per cent by weight of bentonite ; cinders from 
bituminous coal ; and six additional sand plots with various solutions. 
All plots were subirrigated three times , daily through a 

^Published as Paper No. 118 of the Scientific Journal Series, Colorado Experi- 
ment Station. 
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drain pipe, except the three soil plots and one of the Vermiculite plots. 
Soil plots were given surface waterings when needed (tap water once 
every 5 to 10 days) and were once top-dressed with nutrient solution 
salts. The Vermiculite plot was subirrigated only once every 5 to 
7 days. 

Fresh solutions were made up every 2 weeks, and at the time of 
changing solutions all plots except one sand plot were leached by 
watering the surface of the substrate with the hose and wasting the 
leachings through the drain. Except in the one sand plot which was 
never leached, water was added as needed to maintain a 5-gallon level 
in each reservoir by putting the water on the surface of the substrate. 
In the unleached sand plot, the water was added to the reservoir only. 

For 1 month after benching, Ohio WP solution (1) was used. 
Thereafter 2 WP and variations of this formula were used. Iron sul- 
phate, magnesium sulphate, and boric acid were added only once every 
2 weeks when solutions were changed, except for a 2-weeks period 
during which iron chloride was added daily to six plots, and at another 
time when surface applications of small amounts of iron citrate were 
made to five additional plots. All replicated plots, and one quartz plot, 
were irrigated with the regular formula. 

The following variations of the regular formula were used on one 
plot each : High N and K, double the amount of N and K and half 
the amount of P ; Low N and K, half the amount of N and K and 
2 times the amount of P ; Low N, one-fourth the amount of N ; Low P, 
one-fourth the amount of P; Low K, one-fourth the amount of K; 
2 WP + ammonium sulphate; and 2 WP — gypsum. 

Minus leaching and reducing number of irrigations were considered 
as different formulae, even though the regular formula was used. After 
October 5, the amounts of all salts in all plots were reduced by one- 
half, thus changing the regular solution from 2 WP to WP and others 
in the same proportion. 

No ill effects were noticeable by November on the single plot which 
was never leached between changes of solution. 

Diphenylamine tests for nitrogen in the solutions were made every 
few days. The Truog quick test for phosphate and the Spurway test 
for potash were also made, though less often than the nitrate test. 

A Beckman pH meter with electrodes immersed in the solution 
was used in pH determinations. The pH of the fresh solution was 6.1. 
No adjustment for pH was made, but at the beginning of the experi- 
ment the pH range was from 8.8 on charcoal to 4.4 on quartz. By 
November the charcoal plots tested from 6 to 6,3 and quartz 4 to 4.3. 
All plots except carbon and quartz were above pH 6.5 at the start, but 
by November practically all were between 4 and 5.5. 

The last pinch was given July 19. An average of 4j4 pinches per 
plant was made and the range was from 3 to 6. All plants had been 
pinched twice previously, and at the second pinching the range was 
from 2 to 7 with an average of 3^. 

The several forms of iron and rates of application used made no 
apparent change in the plants. As others have mentioned, the frequent 
addition of iron seems unnecessary with carnations in nutrient solu- 
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tions. Olsen (2) has suggested the possibility of precipitation of iron 
within the plant when the phosphate content of the nutrient solution 
is high. However, the sand plot in this experiment operating on low 
N and K had a P content 4 times higher relatively than the regular 
solution, yet this plot was the best one of the 30 after 8 weeks of 
cutting. 

An indication of the difference in performance of the different sub- 
strates is shown by the fact that after 10 weeks of cutting, the average 
cut per plant for all treatments on the whole bench was flowers, 
while that of the best plots was double this number. Cutting started 
October 5. 

The soil plots were not an adequate check in this series. Sub- 
irrigating was tried at first, but left them so wet and packed that 
surface watering was necessary thereafter. Even with frequent light 
surface irrigations soil packed badly. Once in the midsummer a top 
dressing of the same kind and amount of salts used in the nutrient 
solution was added ; otherwise, tap water only was applied to the soil 
plots. These plants made rather poor growth and were as slow coming 
into bloom as were those in the carbon plots. 

All things considered, by November the sand and Vermiculite had 
produced the best growth. Vermiculite is so retentive of moisture and 
at the same time so well aerated that the application of nutrients once 
a week will keep the plants growing nearly as well as those in the 
two other Vermiculite plots which are subirrigated 21 times weekly. 
Possibly some intermediate number of irrigations would make Ver- 
miculite a more efficient substrate than sand. 

In the charcoal plots phosphate tests were uniformly lower than 
those in the regular solution, even after the addition of greater amounts 
of phosphate. Possibly it would have been desirable before planting to 
have soaked this charcoal in a phosphate solution. However, after the 
original high pH of 8.8 had lowered to around pH 6, plant growth 
was better. 

The carbon supported the poorest growth of all plots, but after the 
concentration of solution was halved in October these three plots made 
a quick recovery from what a month earlier looked like certain failure. 

On the gravels, plants made good growth but the poorest plants 
were those in the coarsest gravel. 

On the pure quartz carnations did so poorly in this test that one 
plot was replaced by sand. Bentonite was added to one, and a }i~mch 
layer of charcoal was applied to the surface of the third quartz plot. 
After the charcoal was added the plants grew fairly well. However, 
the most marked response was where bentonite was added ; this plot 
by November was one of the best. Such marked improvement, to- 
gether with the fact that a somewhat silty sand gave excellent growth, 
suggests that the presence o£ a colloid may be an important factor in 
the production of carnations in nutrient solutions. Gile (3) showed a 
56 per cent average increase in millet yields by the addition of 1 per 
cent soil colloids to pure quartz sand and a marked increase in yield 
with less than 0.2 per cent colloids. 

So short a time after flower production began is probably too soon 
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to expect differences to show as a result of the various solutions (de- 
scribed above on five extra sand plots), since all elements are probably 
present in excess in all solutions. 

Even before the first flowers were cut, the low nitrogen plot showed 
paler foliage color, vshorter growth, and fewer stems. High NK and 
low NK looked equally good through the summer, but after 10 weeks 
of cutting, high NK had produced 17 flowers, while low NK had 
produced 24. 

The slightly pink markings which appear naturally in Patrician 
carnations are much more pronounced in sevet'al treatments. Early 
observations suggest that this variation in flower color may be an 
indicator of unbalance in the solution. 

Sand and Vermiculite, by November, were the highest producing 
substrates. Fine gravel was better than coarse gravel. Carbon was the 
poorest. Quartz was one of the poorest substrates until bentonite was 
added — then it became one of the best. This fact, coupled with the 
fact that the sands used were slightly silty, suggests that colloids may 
be an important consideration in selecting the substrate and operating 
‘*sand cultures’’. 

At the conclusion of this test it is planned to eliminate all but one 
or two substrates and test the promising solutions with further 
replication. 

Apparently just as good or better carnations can be produced by 
this method than on soil, but each attempt to standardize methods 
uncovers needs for more experimentation. 
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Inheritance in the Carnation, Dianthus Caryophyllus 
II. Inheritance of Nine Abnormal Types 

By Gustav A. L. Mehlquist, University of California, 

Los Angeles, Calif. 

I N THE course of studies on the inheritance of flower color in the 
carnation, several abnormal types have been recorded. Some have 
occurred in sufficient numbers to permit a genetic analysis of their 
inheritance. None of these abnormal types is of economic importance 
in itself, but their elimination from conimerical breeding stock is 
desirable, since obviously their presence materially increases the num- 
ber of seedlings required to provide a reasonable chance for the occur- 
rence of a desirable type. Where such elimination is not practicable a 
knowledge of the inheritance of such types is of value as a partial basis 
for estimating the number of seedlings that should be grown. 

Albino and Yellow Seedling Versus Green 
Albino seedlings have occurred in several cultures in the ratio of 
one albino to three green. Yellow seedlings have also occurred in sev- 
eral cultures in approximately the same proportions. In one culture, 
however, both albino and yellow seedlings occurred (Fig. lA). As 
shown in Table I, the proportions approximate 9 green: 3 yellow: 
4 albino, indicating that both albino and yellow differ from normal 
green in a single recessive factor, the double recessive also being white. 
The factor for albino seedling has been designated alb and the factor 
for yellow seedling yel. Both the albino and yellow seedlings die in the 
cotyledon stage. 

Lutescent Seedling Versus Normal 
In several lines derived from crosses involving the commercial 
variety Betty Lou lutescent seedlings have occurred. They are char- 
acterized by greenish yellow color and weak growth. Most of them 
die in the cotyledon stage but some linger on until the seventh or 
eighth pair of leaves. None has ever reached maturity. The segrega- 
tion for this type has always been approximately 3 normal to 1 
lutescent, indicating that lutescent differs from normal in a single 
recessive factor. This factor has been designated lut. 

Club-neck Versus Normal 

In some 1939 Fg and Fs populations from crosses involving the 
variety Ivory and its derivatives many plants died at an early stage 
of development, most of them when only 2 or 3 inches high. On exami- 
nation it was found that the upper portion of the root was greatly 
enlarged or swollen (Fig. IB). When the root was sectioned it was 


TABLE I — Numbers of Green, Yellow and Albino Seedlings 
IN Cultures 



Green 

Yellow 

Albino 

Total 

Seeds 

Planted 

1938 

89 

27 

41 

157 


1940 

79 

30 

43 

152 


Totals 

168 

57 

84 

309 

360 

Calculated 9:3:4 

174 

68 

77 

309 
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Fig. 1. A, Segregation for albino and yellow seedlings. B, One normal and 
four “club-neck” plants. C, “Lazy-virescent” and normal seedlings, 10 
weeks old- D, Normal and “thin”, 6 months old. E, Normal and “dwarf”, 

8 months old. F, Normal, “stocky”, and “dwarf”, 8 months old. 

found that the inner portion was already decayed leaving a large 
cavity. The same condition was found to hold in the few plants of 
this type that still were alive, that is, only a thin outer shell of the 
root in this region appeared to be functioning. 
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TABl.E 11 — Niimukhs ok Nokmaf. and Club-neck Plants 



When llu‘s(‘ t'iilltin‘s wore ropeated this year (1940) it was noticed 
(hat many s(U‘dlin.t*‘s already in the cotyledon stage had swollen hypo- 
cotyls, A nutnher of tlic*s<‘ s(‘edlings were separated from the normal 
and (ransferred to tlu* ju‘ld separately, A few were retained in the 
greenhotise. Metre than 75 per cent of these died within 3 months; all 
Inil tlire(‘ \v(‘re <k‘afl at the end of 6 months, only (me of them bloomed. 
Since all se(‘ds \v(‘n‘ ]tlanted in .steriliz:<‘d soil, and the seedlings re- 
tained in the grecMihonse were grown in the same mediutri, it can 
hardly Ik‘ a <'a.se of inheril(*d susceptibility for any soil-borne pathogen. 
Mor(‘ prohal)l(‘ is an inlieritt'cl lendency to some physiological disturb- 
ance resulting in (he sw(‘lling and eventnal death of the tissue in the 
hy|)OColyI n‘gion. 

This altnonnal ty])e lias lieen termed duh-ncck. As shown in Table 
II wluMT' (hr(‘e lines segregating for this type are summarized, the 
results indicate a singU‘ factor dilTerence l)elw(*en “clnb-ncck^* and 
normal. This factor has Ijeen designated ch, 

VlRKSC'KNT \hi:RSlTS NORMAT. 

In lA populations from mLsses involving tlic commercial variety 
Maine Sunshine several almormal types have occurred. One of these 
ha.s h(‘en terme<l xnrvsccnt. Iliis ty[)e is characterized by a distinct 
deficiency in chlorophyll, usually in narrow longitudinal stripes on the 
leaves and stem giving the* ])lant a variegated appearance. Rarely is 
this deficiency ol)S(‘rved in the cotyledon stage but it liecomes pro- 
nounced with the ai>pearance of the next few leaves. Under field 


TABLE IH—NtTMBEHs ok Green and Virescent Plants 


H80211 4 

88687-15 

88688-28 

Omul 

Vtmic^nt 

Total 

Sect! *4 
Platited 

Green Per 
100 Seed 

Virescent 
Per 100 

66 

66 

75 

T9JQ 

22 88 

18 84 

22 97 

100 

100 

100 

66 

66 

75 


Total 


62 

269 





Calculated 8:1 

202 

67 

269 

— 





IQ 40 




88629-4 

126 

28 

154 

200 

68 

14 

.88637-15 

210 

57 

267 

800 

70 

10 

886.88-28 

150 

17 

167 

200 

75 

8.5 

Total 

486 

102 

588 

700 

— 

■ 

Calculated 8’.1 

___44£^ 

147 

588 
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culture the growth of this type is greatly retarded and it seldom 
blooms. In the greenhouse, on the other hand, several plants have 
bloomed. The flowers have been normal in color but seldom produce 
stamens and so far have set no seed either when self-pollinated or 
crossed with normal. The results obtained in 1939, Table III, certainly 
indicate a single factor difference between vircscent and normal green. 
The 1940 results are not in very good agreement witli this hypothesis 
but it is evident that this difference is due to a decrease in the virescent 
group while the number of green per hundred seeds planted is ap- 
proximately the same. Since both plantings were made with seed 
grown in 1938, it appears probable that this discrepancy is clue to a 
lower longevity of the virescent seeds. This factor has been designated 
znr. 

Lazy- Virescent Versus Normal 

“Lazy-virescent’^ (Fig- 1C) is another chlorophyll deficient type dif- 
fering from the preceding chiefly in tlie following characteristics. The 
chlorophyll deficiency does not occur in .stripes but in a rather uniform 
dilution accentuated toward the edges of the leaves. The stem is nearly 
white and the internodes are greatly elongated rOvSulting in a weak, 
viny plant seldom surviving more than a few weeks under field culture. 
This type has occurred in one line only but several cultures of this 
line have been grown. The results have always been approximately 
three normal to one deficient indicating a single factor difference. Thfs 
factor has been designated las. 

Dwarf Versus Normal 

'"Dwarf (Fig. IE) is characterized by extremely short internodcs 
resulting in a very short plant. One dwarf plant occurred in 1935 in 
a F 2 population of 243 plants. In 22 F 3 populations grown in 1937 
totalling about 1,500 plants four segregated for "‘dwarf’’. Dwarf plants 
have since occurred in numerous other lines. Because a low frequency 
of these dwarf plants in some lines were correlated with relatively low 
seed germination, special effort was made in 1939 to increase the 
germination in these lines. The results, summarized in Table IV, 
indicate that this dwarf differs from normal in only one factor. This 
factor has been designated dtv. 

Because ""dwarf” rarely yields any pollen and so far has produced 
few seeds, direct crosses between this type and normal have not yet 
been made. 

Stocky Versus Normal 

""Stocky” plants (Fig. IF) are characterized by relatively short but 


TABLE IV — Normal and Dwarf Plants 
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TAIU.K V Normal and Stch^kv Plants 



Nornml 

Stocky 

T'otal 

1 

178 

217 

48(» 

4tt:Lr> 

22 

72 

ins 



87 

242 

289 

618 

1 618 

F 

a i 


. . . r r - ■ 

Calculatetl a : 1 ^ . 


thick leaves an<l internodcs, very short calyx^ relatively short and 
twisted petals, greatly shortened and thickened stigmas, few, usually 
abortive stamens. This type has also occurred in several lines. Because 
it is as infertile as “dwarf', only indirect crosses involving this type 
have been made by crossing normal plants heterozygous for this 
character with homozygous normal [>lants. The results summarized in 
Table I V indicate a single factor difference between this character and 
the normal tyi)e. Tins factor has been designated sto. 

Because of the fact that both stocky and dwarf plants have occurred 
in the same ]) 0 ])ulations the factors responsible for thCvSe types cannot 
be allelomorpliic. Not sufficient numbers of these populations have 
been gr<jwu, however, to estaldish whether the factors are independent 
or linked. 


Thin Versus Normal 

“Thin” (Fig. ID) is characterized by the total absence of the vege- 
tative slioots at the base of the plant necessary for the production of 
the more or less continuous crop of flowers typical of the normal type. 
It comes into full bloom 3 to 4 months from seed whereas the normal 
type requires from S to 8. If allowed to set seed, it generally dies after 
maturing the seeds. If the flowers are removed, one or two weak shoots 
may develop below the cut but they form buds almost immediately. 

This type first occurred in the plantings at Davis in the summer of 
1937 ill three closely related lines. The ratio of normal to ‘'thin" was 
approximately 4 : L It was noticed, however, that many plants had died 
in these cultures during the abnormally severe freeze which occurred 
in January of 1937 throughout California. In fact when the number of 
empty spaces was added to the number of “thin" an almost perfect 
3 : 1 ratio was obtained. When these, cultures were repeated under more 
favorable conditions in the summer of 1938 reasonably close approxi- 
mations to a 3:1 ratio were obtained. The Fi plants grown from 
crosses made between “thin" and normal were indistinguishable from 
normal lines not segregating for this character. The F 2 results, sum- 
marized in Table VI, indicate that “thin" differs from normal in only 
one factor. 

It is interesting that “thin" which is essentially an annual type 


TABLE VI— Normal and Thin Plants 



Normal. 

Thin 

Total 

F, 

14 

0 

14 

232 

232 

Pa 

177 

174 

55 

Calculated 8:1 

68 
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should differ from the normal, which is perennial, in only one factor. 
Although no cytological examination has been made of 'ffhin” the 
possibility that this type is due to elimination of a chromosome or a 
fragment of a chromosome carrying a series of factors, several of 
which might be concerned with this character, is precluded by the 
circumstance that this type is fully as fertile as the normal. In fact, 
this year (1940) many thin plants were observed with a full capsule 
of seeds for every flower produced, a feature seldom observed in any 
of the normal lines. 

If in a native stand of a perennial species of Dianthus, an annual 
type similar to "thin” should arise through mutation and then through 
the forces which are effective in guiding evolution should become iso- 
lated from its parental form, one might, in the absence of genetic 
evidence to the contrary, be forced to consider it a distinct species. 

Discussion 

Widely grown commercial varieties have attained their status by 
virtue of being the best available in their respective classes, though 
generally far from perfect, so it is only logical that they should be used 
extensively in breeding work directed toward better and perhaps dif- 
ferent carnations. However, due to the prevalence of abnormal types, 
most of which can be traced directly to well-known commercial varie- 
ties or their immediate derivatives, it would seem highly desirable to 
have on hand for breeding purposes strains which are free from factors 
causing undesirable types and at the same time possess commercially 
desirable colors. Present evidence indicates that such properly chosen 
strains when crossed to proved commercial varieties give larger per- 
centages of commercial types than can ordinarily be expected from 
intercrossing commercial varieties directly. Not only are there fewer 
distinctly useless types, but also, since the inheritance of color in the 
carnation is now at least partially known ( 1 ) the color of the progeny 
can, within reasonable limits, be predicted, The development of sucli 
strains of known genotypes is now under way at this station. 

Summary 

Genetic evidence is presented relative to the inheritance of nine 
abnormal types of the carnation. Each type differs from tlie normal in 
a single recessive factor. The factors are as follows : alb — albino seed- 
ling, lethal ; yel — ^yellow seedling, lethal ; lut — lutescent seedling, 
lethal; rZ?— 'club-neck”, nearly always lethal; vir — "virescent”, a 
chlorophyll deficient type, sub-lethal; lais — “lazy-virescent”, a weak 
chlorophyll deficient type, sub-lethal ; dm — "dwarf”, extremely sliort 
plant, less viable than the normal type, highly sterile ; sto — "stocky”, 
short stocky plant, somewhat less viable than the normal type, highly 
sterile ; and th — “thin” an annual type, less hardy than the normal type 
but fully as fertile. 
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Othake Sphacelata — A New Garden Annual 

By W. I). Hollky, University of New Hampshire, 

Durham,, N. IL 

A ccording to Rydberg (4), the genus Othake was first de- 
. scribed by RafmevSCjue, while the species, sphacelata, was named 
by Nuttall (1 ) in 1827. Gray (2) described tlie plant under the name 
of Polypteris hookeriana in 1883. This plant is also to be found in 
literature under the name of Palafoxia hookeriana. Standardized Plant 
Names for 1923 gives Polypteris hookeriana as the preferred name. 
The fact remains that Rydberg (3), in an earlier work, listed this 
plant as Polypteris, but in his latest work (4) changed it to Othake, 
the name accepted by the New York Botanical Garden. 

The description of Othake sphacelata (Nutt.), a composite, given 
by Rydberg ( 1 ) is as follows : Erect glandular annual herbs. Leaves 
alternate, mostly entire. Heads corymbose or paniculate. Inflorescence 
campunulate to obconic; bracts narrow, in 1 or 2 series, herbaceous, 
usually colored, at least at the tips. Receptacle small, flat, naked. Ray- 
flowers pistillate, fertile ; ligules purple or i*ose-colored, broad, 3-cIeft. 
Disk-flowers fertile; corollas pink or rose, 5-divided almost to the 
tube. Style-branches filiform, pubescent throughout. Achenes linear 
to narrowly obpyramidal, 4-angIed. Pappus of 6-12 lanceolate, strong- 
ly ribbed squamellae. 

Rydberg describes another species, Othake macrolepis (Rydb.), 
which differs from 0. sphacelata only in that it has dicoid flower heads 
and leaves that are narrowly linear, while 0. sphacelata has radiate 
flower heads and leaves lanceolate to linear-lanceolate. The only con- 
sistent difference other than leaf width lies in the absence of ray- 
florets in 0. macrolepis. It is extremely doubtful whether this differ- 
ence is sufficient to separate the two forms into distinct species, since 
the radiate form is naturally cross pollinated by the discoid form. The 
disk-flowers are self-pollinated, as in the tomato, but the ray flowers, 
being pistillate, and opening first, may be cross pollinated. 

Seed of Othake were collected by the writer in Western Texas in 
1938 and planted in Michigan the following spring, From this seed 
seven plants were obtained. Two of the plants were of the radiate, 
broad-leaved form and five were discoid, with narrow leaves. Both 
forms were self-pollinated by caging and seed were saved from open 
pollinated plants. These seed selections, planted the following spring, 
came true to their parents regarding form of flower and leaf character, 
with the exception of the open pollinated, radiate type. The progeny of 
this selection was 42 radiate and one discoid. This indicates that the 
chance of natural crossing is not too great to permit open pollinated 
selections in the field and greatly simplifies the improvement of this 
plant. ^ 

A mass seed selection of Othake was planted in July 1940 at 
Durham, New Hampshire. This row was rogued of undesirables, 
primarily the discoid type, and a number of promising variations were 
selected. Also a good mass selection was taken for future planting. 

705 



706 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


Variations in size of ligules and earliness were given special attention. 
The common number of ligules was 5, however, some plants had 6, 8 
or 10. The size and number of ligules greatly increases sliowiness and 
value as an ornamental. 

The Othake sphacelata grows IS to 25 inches in height and about 
equal in spread. Its rose colored flower heads are 1 to 1J4 inches 
across, in clusters of 4 to 8. Plants were in bloom in 1940, 5 weeks 
after seed was sown and continued blooming until heavy frost. 

In tests, Othake has proven adapted to a wide range of soils. 
Although indigenous to alkaline soils of the sandy plains, it has grown 
well on neutral and acid soils, both heavy and light. Being a semi- 
desert plant it is drought and heat resistant, however, the cool summer 
climate of New England is not detrimental to its growth. Othake 
sphacelata gives much promise as a border plant, for cut flowers and 
for everlasting flowers. 

Seed in limited quantities is available for wider testing. 
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Treatment of Easter Lily Scales to Expedite 
Propagation (Preliminary lieport) 

By D, Victor Lumsdkn and Neil VV. Stuart, (7. .S'. HorticuUnral 
Station, BcUwillc, McL 

F ollowing rccoinmeiulations made by Griffitlis (1) and Tine- 
ker (2) scales of Lilmm longiflormn were propagated at a tem- 
perature of 80 ± .5 degrees F and a relative humidity of 75 ± 5 per 
cent. The scales propagated most readily when set with the bases down 
and one-half Ixiried in sharp sand. The sand was kept moist but not 
wet throughout the propagation period. Scales from bulbs barely past 
anthesis to those whose tops had completely dided down all gave a good 
propagation. However, bulbs that had been dried to the extent that 
the scales were not turgid propagated poorly. Scales were thus propa- 
gated in August and September. After 1 month in sand at 80 degrees 
most of the scales had one to several bulbils with roots at their bases. 
The scales were then transferred to soil under glass where growth 
continued during the winter. With this treatment some scales pro- 
duced bull)S that flowered within a year from the scaling operation. 
This procedure is not practical for routine commercial production but 
can be recommended for hastening propagation in experimental pro- 
grams involving breeding and the rapid increase of clonal populations. 

Scales were also placed in Dutch beds in the open field in August, 
1939. They were ‘‘.sown” 2 inches deep, disregarding position of the 
scales. The rows were 3 feet long with an average of 70 to 80 scales to 
the row. Some of the newly formed bulbs had produced leaves above- 
ground before winter set in. Others did not bear leaves until the 
following spring. In the late fall the beds were covered with a straw 
mulch for winter protection. Despite an unusually severe winter the 
bulbs were not injured and the 1-year-old bulbs were dug and replanted 
in August, 1940. Approximately 11,000 scales were planted in this 
test and over 11,300 bulbs were harvested. The circumference of these 
harvested bulbs varied from 4 to 12 centimeters with an estimated 
average between 6 and 8 centimeters. The stock from which the scales 
were obtained comprised many small bulbs from a number of variable 
seedling progenies. Working with uniformly large bulbs it is probable 
that this propagation could be excelled. 

Greenhouse tests have shown that Easter lily scales ate very re- 
sponsive to treatments with the root inducing chemicals. The principal 
effect observed has been greatly increased root production on scales 
treated with talc mixtures or aqueous solutions of the growth sub- 
stances. Scales treated with mixtures containing 0,5 to 10 milligrams 
of indolebutyric acid per gram of talc have produced far more uniform 
and heavier roots than those not treated or given talc alone. Similar 
responses have been obtained by immersing the basal portion or the 
entire scale in aqueous solutions containing 10 to 100 milligrams of 
indolebutyric acid per liter (3). Naphthyl acetic acid and naphthyl 
acetamide are also effective in stimulating the rooting of lily scales. 
These compounds appear to be somewhat more toxic than equivalent 
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amounts of inclolebutyric acid and accordingly should be used at lower 
concentrations. No delay or reduction in bulbil formation has been 
observed as a result of treatment with favorable concentrations of the 
root inducing chemicals. Field tests with the growth su1)stances in- 
volving more than 25,000 scales are now in progress. 
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Effect of Mixtures of Oxygen and Carbon Dioxide on the 
Development of Dormancy in Easter Lilies 


By N. C. Thornton, Boyce Thompson Institute jor Plant Research, 
Yonkers, N. Y., and E, P. Imle, Cornell University, 

Ithaca, N. Y. 


Abstract 

The complete paper will appear in the Contributions from Boyce Thompson 
Instihite. 

B ulbs of LUium longiflorum variety giganteum were held in stor- 
age for 42 days at 25 degrees C and 28 days at 3.5 degrees C in 
0, 2, 5, 20, and 40 per cent of oxygen mixed with 0, 10,' 20, and 40 
per cent of carbon dioxide and the necessary amount of nitrogen to 
give 100 per cent in each treatment. Following this treatment the bulbs 
were planted in the greenhouse and growth measurements were made 
weekly until flowering. The data show that sulisequent growdh from 
the bulbs was not affected by oxygen percentages from 2 to 40 ])er 
cent but that 0 per cent was detrimental The presence of 40 per cent 
of carbon dioxide with 2 to 20 per cent of oxygen causes a retardation 
in shoot emergence and in growth and flowering of the plants produced. 



Responses of ( 'oniferoiis Itlvergreens 
to Fertilizer A|)plicati()ns 

Hy l\ C, Mar'I'ii, S, Horticultural Station, Bvltsvillc, Md. 
and h\ 1C. Gardner. (L S. Subtrol-^ical Fruit 
h'icld Station, Orlando, Fla, 

I N a previous report (2) the authors have clewScribed the growth 
responses of American pyramidal arl)orvitae (Thuja occidcntalis, 
L. var. pyraniidalis) and Irish Juniper {Jnniperiis communis L. var. 
hihernka) ]:)lants which had received various fertilizer treatments 
under nursery conditions over a 2-ycar-period (1935-1937). The 
present report is concerned with further records on the same plants, 
extending over a period of 4 years (1935-1939) under tlie same ferti- 
lizer treatments. 

The soil on which the experiment was conducted is a rather heavy 
silty clay loam situated on tlie station grounds at Beltsville, Maryland 
and is in the Atlantic Coastal Plain region. The soils of this region 
are often found relatively low in available nitrogen, phosphorus and 
potassium. 

A detailed description of the layout of the plots, materials and 
methods may be found in the earlier report. Briefly, the plots planted 
in 1933 consisted of 20 plants in four rows of five plants each, spaced 
14 inches apart in rows 3jE4 feet apart. A distance of 5 feet existed 
between plots. fA)ur tiers of 10 plots each permitted 10 fertilizer treat- 
ments each replicated three times. The four plots per treatment were 
located systematically. Fertilizer applications were started in the 
spring of 1935 after the plants had become established. 

At the end of the 1937 growing season, the arborvitae plants had 
vStarted to crowd within plots. To alleviate this condition, alternate 
plants were removed and set in the same relative position 2 feet apart 
in rows 3j4 feet apart within new plots on an adjacent piece of 
ground. The eight plants so removed from each plot were given the 
same fertilizer treatment as they had been receiving prior to trans- 
])lanting. No changes were made in the fertilizer treatment on the 12 
remaining plants in each of the original plots. 

The Irish Juniper plants, having a columnar growth hal)it, showed 
no evidence of crowding within plots and so the 20 original plants 
per plot were left intact throughout the experiment. 

The fertilizer treatments as shown in Tables I, II, and III, may be 
described as follows: The checks received no fertilizer. Ni, and Ns 
refers to 200, 400 and 600 pounds per acre of nitrate of soda, respec- 
tively, or, where stated, an equivalent amount of nitrogen in the form 
of urea or sulfate of ammonia; phosphorus and potassium (P and K) 
were used uniformly at the rate of 800 pounds of superphosphate and 
400 pounds of muriate of potash per acre. The cow manure, free of 
bedding or foreign material, was used at the rate of 10 tons per acre. 
The above amounts were applied twice yearly, one application as plant 
growth started and the other near the first of August. All fertilizers 
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were of the usual commercial grade ; applied without filler in an 8- 
inch band 4 inches away from the plant on two sides. 

The growth of the plants was recorded by circumference and Iieight 
measurements. In order to give proper weight to each measurement 
the data were calculated on a culiic inch volume basis. 

In determining the vsignificance of the results, tlic data were treated 
by analysis of co-variance. A positive correlation exists (within treat- 
ments) 'between size of tree before and size after treatment, amounting 
to 4' .589 for the non-transplanted and .779 for the transplanted ar- 
borvitae, while for the Juniper this correlation was -f .316. In view 
of this influence of size before treatment on final size, and because 
the size before treatment varies appreciably (Tables I, II, III), it was 
necessary to correct the final sizes for true comparison. To this end, 
the regression of Y (final size) on X (initial size) was calculated and 
found to be 15.842 and 15.840 cubic inches, respectively,^ for non- 
transplanted and transplanted arborvitae and 16.132 cubic inches for 
Juniper. These regression values, multiplied by the deviation of the 
number of trees in a treatment from the average initial size of the total 
number of plants in all treatments, constitute the corrections applicalde 
to the final sizes. 

In determining how much of the total variance was due to treat- 
ment and how much due to error, the regression influence was first 

B2 vS^ B 

removed by the formula yx ^ x ~ ^ xy y’ yx 

g2 g2 

regression value, and are the variances of the initial and final 

. . . 

sizes, respectively, and is the corresponding co- variance. In 

the case of the non-transplanted and transplanted arborvitae the vari- 
ance due to treatment was 8 and 6.5 times, respectively, that due to 
error, while with Juniper the variance of treatment was 5.5 times the 
variance due to error. The odds, therefore, greatly exceed 99 to 1 
that significance exists among the differences due to treatment. From 
Sneclecor's F table (4) and the calculated error of the mean differ- 
ence, it was found that any differences between treatments as large as 
46.73 cubic inches for the non-transplanted arborvitae, 45.41 cubic 
inches for the transplanted arborvitae and 37,15 cubic inches for the 
Juniper are significant at odds of at least 99 to 1. 

Discussion of Results 

The growth responses of arborvitae receiving the various fertilizer 
treatments are shown in Tables I and II. A significant measSurable 
response in growth has resulted from the use of 400 pounds per acre 
of nitrate of soda alone, (N 2 compared with the check treatments). 
This amount of nitrate was too much for these same plants two years 
earlier and caused poorer growth than the check plants at that age. 
A comparison of the NiPK, N2PK and N3PK treatments in Table I 
shows that 200 pounds of nitrate (NiPK) was sufficient, and heavier 
amounts in this mixture induced no better growth. However, in the 
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case of comparable, plants transplanted to adjacent land not previously 
receiving fertilizers (Table TI) 400 pounds of nitrate (N3PK) was 
l)etter than 200 pounds (NiPK), but 600 pounds (NjiPK) was defi- 
nitely too nnicli. 

'Phosphorus applications liavc caused no increase in growth of ar- 
l)orvitae, except when used in combinatioti with l)oth N and K, (N2 
compared with N.P and N.K with N2F:K) (Tables I and 11). In 
oilier words, the need for potassium had first to be satisfied before 
any response to phosphorus could be obtained. 

A Iieneficial response is sliown from potassium applications to ar- 
borvitae in the original plots, N2 compared with NgK (Table I). 
Transplanted plants, however, vshow no such benefit from K, since 
the difference in growth between the Ng and N2K treatments in Table 
11 is not significant. Either these plants had retained sufficient K to 
sustain growth for 2 years from applications received prior to trans- 
|)lanting or available potassium in the soil moved with the plants was 
sufficient for growth over tliat period. 

At the end of 2 years no differences were detectable between the 
three nitrogen carriers employed. However, after 4 years' applica- 
tions the arliorvitae plants receiving sulfate of ammonia were signifi- 
cantly poorer than those in either the urea or nitrate of soda treatments 
of eciuivalent nitrogen content. pH determinations of the soil (1936 
and 1938) showed these plots running much lower in pH value, rang- 
ing from ptl 4, 4-4.7, while the urea, nitrate of soda and check plots 
ranged from pH 5.0-S.6. 

Although mineral fertilizers in the proper proportion have pro- 
duced as large arborvitae plants as the animal manure used, with the 
exception of the transplanted plots, the characteristic form of the plant 
was affected by certain of the fertilizer treatments applied. Therefore, 
liaving in mind the ultimate sales value of the plants for ornamental 
purposCwS, each of the treatments was given a relative rating on the 
basis of density and form of plant produced. In this connection, the 
check, N2, N2 P, and Na K treatments rated best in maintaining the 


TABLE I— Effect of Various Fertilizer Afplications on Growth of 

Arborvitae 


FertiliKCr Treatment 

Average Size 
of 48 Plants 
Before 
Treatment 
(Cubic Inches) 

Size After 

4 Years 
Treatment 
(Cubic Inches) 

Correction 
Due to 
Regression* 

Corrected 
Final Sizet 
(Cubic Inches) 

Check (no fertilizer) 

90.68 

2633.6 


2786.6 

N, PK 

98.81 

3686.7 

- 25.81 

3660.9 

N, PK 

96,12 

3647.7 

+ 32.63 

3680.3 

NiPK 

02.96 

3542.5 


3609.6 

N»P 

101.10 



2968.9 

N. K 

99.04 

3376.2 


3346.7 

N 

94,27 

2897.7 

4- 44.61 

2942.2 

NaPK(Urea) 

98.76 

3656.5 

- 24.87 

3631.6 

Na PK( Ammonium Sulfate) . . , 


3630.2 

« 67.49 

3472.7 

10 tons manure 

100.22 

3716.7 

- 48.16 

3668,6 

Average 

97.18 





♦Correction of final sissc for effect of size before treatment. 

tAt odds of 99:1, a difference of 46.73 cubic inches, or greater, becomes significant. 
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TABLE II — Effect of Various Fertilizer Applications on Growth of 
Transplanted Arborvjtae 


Fertilizer Treatment 

Average Size 
of 32 Plants 
Before 
Treatment 
(Cubic Inches) 

Size After 

4 Years 
Treatment 

2^ Years After 
Transplanting 
(Cubic Inches) 

Correction 
Due to 
Regression* 

Corrected 
•Final Sizef 
(Cubic Inches) 

Check (no fertilizer) 

89.68 

1541.1 

+ 96.04 

1646.1 

N, PK 

98.00 

2064.4 

- 42.13 

2022.3 

a PK 

90.90 

2088.6 

+ 70.32 

2158.9 

Nj PK 

90.78 

1755.0 

+ 72.23 

1827.2 

a p 

100.00 

1771.5 

- 73.81 

1697.7 

a K 

93.53 

1714.7 

+ 28.67 

1743.4 

a 

94.93 

1761.3 

+ 6.49 

1767.8 

a PK(Urea) 

102.10 

2311.2 

-107.08 

2204.1 

Na PK( Ammonium Sulfate) . . . 

98.43 

2216.4 

- 48.95 

2167.5 

10 tons manure 

95.43 

2535.0 

- 1.42 

2533.6 

Average 

95.34 





^Correction of final size for effect of size before treatment, 

tAt odds of 99:1, a difference of 45.41 cubic inches, or greater, becomes significant. 


pyramidal character of growth and density. All the other treatments, 
including the manure treatment, tended to produce plants with two 
or more strong leaders, which altered the pyramidal shape. It is pos- 
sible that corrective pruning, judiciously applied to these plants at the 
proper time, would overcome this difficulty. 

Table III shows that all the fertilizer combinations used induced a 
significant increase in growth over the check plots when applied to 
Irish Juniper. Although the growth response at the end of 2 years’ 
treatment had shown that Juniper is tolerant of heavy applications of 
nitrogen, the results over a period of 4 years indicate that 200 pounds 
of nitrate of soda (Ni) is sufficient, since the 400 (Ns) and 600 
pounds (N3) application caused a progressive decrease in growth, 
(Compare treatments NiPK, N2PK and N3 PK) (Table III). 

As in the case of arborvitae, no direct benefit from phOvSphorus was 
obtained on Juniper (Ns compared with NsP), However, in combi- 
nation with N and K there was a significant growth increase ( No K 
compared with NsPK). 

The very marked response of both arborvitae and Juniper from ])o- 
tassium (N 2 compared with N 2 K) suggests that perhaps the .soil 
used in this study may be low in available potassium. Peach trees 
growing on a somewhat different soil type on the station grounds have 
also responded favorably to potassium applications (1). 

In order to determine the relative potassium content of plants re- 
ceiving check, N 2 and N 2 K treatment, samples of the foliage of lioth 
arborvitae and Juniper were taken on these plots in the fall of 1940, 
potassium precipitation by the method of Sideris 
1 he method of precipitation was that of Wilcox (4). Upon 
analysis, the foliage of the N 2 K treatment was found considerably 
higher m potassium content than the check and N 2 treatments with 
both species. The percentage dry weight of potassium was .46, .40 and 
.83, respectively, for check, N 2 and N 2 K on arborvitae, while with 
Juniper treatments in the same order the percentage "of potassium was 
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.35, .40 and .51. A|)i)rcciation is cxpres.sed to Dr. L. P, Batjer for his 
assistance in ol)taininj( tlK.‘se potassiinn determinations. 

It is snrprisinj:^ to note that the fertilizer mixture, N.i PK, lias pro- 
duced significantly larger jdants than the high grade manure used oji 
Irish Junipti* in tliis study. A compari.son of the three nitrogen car- 
riers favors the use of nilrat(‘ of so<la or urea which gave significantly 
better growth tlian sulfate of ammonia (Table IH ). This comparison, 
however, was ba.stnl on a nitrogen level (No) tliat was above the opti- 
mum for best growth. 


TABI..E IH— IvFKKcr or Various FERTtiazKR Applications on Growth of 

Irish Juniper 


Fertilizer 'Treatment 

Average Size 
80 Plants 
Before 
Treatment 
(Cubic Inches) 

Size After 

4 Years 
Treatment 
(Cubic Inches) 

Correction 
Due to 
Regression* 

Corrected 
Final Sizef 
(Cubic Inches) 

Check (no fertilizer) - . 

52.04 

53.:i0 

1621.5 

2314.5 

+30.06 
+23.71 
+ 16.61 
-'28.7 1 

1652.5 

2338.2 

Ni PK 

Ni PK 


2281.4 

2208.0 

Nj PK 

56.04 

58.43 

2234.4 

2205.7 

Ni P 

1015.7 

-57.58 

1858.1 

Ni K 

56.80 

55.67 

2071.! 

1 882.5 

-31.20 

-13.07 

2030.8 

1860.4 


Ni PK(Urea) 

54.48 

226o!8 

+ 6!i3 

2266!o 

Na PK(Ammonittm Sulfate). . . 
10 toiiK inaniire 

58.74 

52.66 

2231.2 

2170.2 

+ 18.07 . 
+35.66 

2240.3 

2205.0 


AveraKG 

54.86 





♦Correction of final size for effect of size before treatment. 

tAt odds of 9U:l, a difference of 37 A5 cubic inches, or Rreater, becomes siKnificant, 


In summarizing the results of this study over a four-year period it 
is concluded that, under the conditions encountered, nitrogenous fer- 
tilizers in proper amounts have re.sultecl in increased growth over no 
fertilizer of both plant spccicws, but to be most lietieficial, the rate of 
application should not exceed 200 pounds per acre; that a comliina- 
tion of N, P, and K is better than N alone or N in combination with 
either P or K ; that over a period of continuous usage nitrate of soda 
and urea have proved better carriers to use than sulfate of ammonia, 
a differential response being noted with the two species in this con- 
nection; that mineral fertilizers of proper proportion may be substi- 
tuted for manure; that transplanted arborvitae may he expected to 
respond to such a mineral fertilizer mixture; and further that the 
characteristic form of the plant may be altered by fertilizer applica- 
tion which may or may not be desirable from an ornamental stand- 
point. 

The Ni PK treatment used in this study has given a consistent sat- 
isfactory response with both arborvitae and Juniper, This treatment 
would approximate a 2-9-14 commercial fertilizer of standard grade 
applied in spring and late summer at the rate of 1400 pounds per acre. 
Individual plants under clean cultivation would receive about 3 ounces 
of fertilizer per application. 
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Time of Harvest and Storage Conditions in tlie 
Development of Dormancy in Easter Lilies 

By E. P. Imle, Cornell University, Ithaca, N. Y., and 
N. C. Thornton, Boyce Tho^npson Institute 
for Plant Research, Yonkers, N. Y. 

Abstract 

The complete paper will appear in the Contributions from Boyce Thompson 
Institute. 

B ulbs of LUmn longlflorum varieties Erabti and giganteuni har- 
vested at three stages of maturity were at each harvest divided into 
four lots for each variety and stored for 70 days, this total period being 
divided as follows : 14, 28, 42, and 56 days at 25 degrees C, and 56, 
42, 28, and 14 days at 3.5 degrees C respectively. Following this stoi*- 
age treatment, the bulbs were planted for forcing in the greenhouse 
and growth measurements were made weekly thereafter until flower- 
ing. Lots harvested the earliest and considered immature gave a high 
percentage of dormant bulbs that required more than 6 montlis to 
initiate growth. Bulbs harvested when plant died showed growth in an 
average of 27 to 43 days. Bulbs held 56 days at 25 degrees C followed 
by 14 days at 3,5 degrees C were slow to initiate growth, exceedingly 
slow to produce a sizable plant and to flower. In contrast, bulbs held 
14 days at 25 degrees C followed by 56 days at 3.5 degrees C initiated 
growth more readily and required a much shorter period of growth 
before flowering. 



\'itaniiii Bi vs Organic Matter For Plant (irowth' 

By A. E. Murneek, University of Missouri, Columbia, Mo. 

D ISC()NSrDE.R rN(j the sensational claims in po|)ular articles, tlie 
valiu‘ of vitamin lli for plant (.U‘velopment has not been fully es- 
tahlislied. Marked increase in growth or rate of accumulation of dry 
matter has been obtained with some [dants from application of this 
substance to sand cultures and in some cases to soil (1, 2). The opti- 
mal concentration has been found to be about .01 milligram per liter 
or 10 parts per million of water supplied. The beneficial effect seems 
to be produced chiefly, if not entirely, through stimulation of root de- 
velopment. 

Plants differ in respect to their response to vitamin Bi. Certain 
species, tlie tomato and pea for example, apparently do not react to 
additions of Bi to the soil, for they seem to be able to produce in the 
leaves this substance in large enough quantities, as shown by the Phy> 
comyces assay. But an inherently low rate of synthesis of this vitamin 
docs not always limit plant growth. More recent tests with Bi on a 
wide variety of plants under highly refined technique in water and 
sand cultures have given negative results (3, 4). This despite the fact 
that several of the .s])ecies used were supposed to be deficient in their 
capacity to form this substance and therefore to be responsive to an 
external supply. 

In view of this situation and the general interest created in vitamin 
Bi, it was thought desirable to test its possible practical value as an 
acccessory organic nutrilite for growth of plants in soil. 

Different types of plants were selected for the experiment, includ- 
ing a non-responsive (tomato) and a highly responsive (cosmos) 
species. The test was conducted during March, April, and May, which 
is a very favorable period in this locality for growth of plants in the 
greenhouse. The general set-up of the experiment and the results ob- 
tained expressed in relative growth (dry weight) of tops and roots, 
are presented in Table I. It will be observed from the subscript of 
the table that the amount of vitamin Bi supplied was slightly above 
the optimal strength (.025 milligram per gallon), and five times this 
concentration (1,25 tnilligram per gallon). 

The parallel test with leaf mold needs a word of explanation. 
Though the plants were grown in potting soil containing one-third 
leaf mold, it was thought desirable to put an extra ^-inch layer of 
organic matter on top of some of the cultures, It has been found that 
organic manures contain appreciable quantities of Bi (1) and so 
undoubtedly do abscissed leaves since this vitamin is synthesized in 
various amounts in leaves of all green plants in presence of light. The 
results show that while vitamin Bi had a very significant stimulating 
effect on both top and root growth, equally good and in many cases 
even better results were obtained by the additional supply (top cover) 

^Contribution from the Department of Horticulture, Missouri Agricultural 
Experiment Station Journal Series No. 714. 
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TABLE I — Effects of Vitamin Bi on Top and Root Guowtii of Some 
HoRTICULTURAI. PLANTSt 



Length of 
Experiment 
. (Weeks) 

I Dry Weight (Grams) | 

Per Cent Increase 

Over Control 

Species 

Control 

Leaf 

Mold 

Vit. B, 
.02.5 Mg 
Per Gal 

Vit, Di 
.125 Mg 
Per Gal 

Leaf 

MoUl 

Vit. B. 
.1)25 Mg 
Per Gal 

Vit. B, 
.125 Mg 
Per Gal 


Top Growth 


Tomato. . 

8 

156,0 

162.1 

163.2 

168.5 

1 3.9 

1 4.5 

8,0 

Dill 

Rud- 

S 

30.5 

47.5 

61.0 

35.5 

56 

1U0(?)* 

16.3 

beckia. . 

8 

40.0 

52.0 

38.0 

. 42.5 

30 

-5 

6.5 

Cosmos. . , 
Orna- 

8 

35.5 

42.5 

55.0 

40.5 

19.8 

54.9 

14.1 

mental . 
peppers 

8 

20.0 

24.0 

24.5 ! 

Root Grmotl 

23.5 

t 

20 

22.5 

17.5 

Tomato. . 

8 

18.0 

19.4 

18.5 1 

18.8 

7.7 

2.7 

4.4 

Dill 

Rud- 

8 

1.6 

2.6 

3.9 

1.9 

62.5 

143.7(?)H< 

19.7 

beckia. . 

8 

5.0 

7.0 

5.0 

5.0 

41) 

0 

0 

Cosmos. . . 
Orna- 
mental 

8 

4.0 

4.5 

4.7 

4.7 

12.5 

42.5 

17,5 

i 

1 

peppers 

8 

5.0 1 

6.0 

7.0 

5.0 

20 

40 

0 


fPlants grown in 3 galloxi glazed jars, with bottom drainage. Soil for all experiments; loam, 
M sand, H leaf mold (potting soil). One plant per jar, except cosmos, in which ca.se 3 per jar. 
Three jars in each group. 

Treatments: C 9 ntrol— no treatment — tap water, pH 7.8; loaf mold— 4 inch pot full of leaf 
mold on top of soil, per jar; Vitamin Bi .025 milligram per gallon in tap water contintumsly; and 
Vitamin Bj .125 milligram per gallon in tap water continuously. 

*1 Abnormally large plant. Hybrid vigor? 

of leaf mold. Organic matter of this sort, in addition to Bj,- of course 
contains many other organic and inorganic nutrient substances, in- 
cluding those not yet discovered. 

A second group of plants, all cosmos, were tested for vitamin Bi 
effect as part of a cooperative undertaking by the California Institute 
of Technology and Merck and Company. Seed and general directions 


TABLE n — E ffects of Vitamin Bi on Growth of Cosmos* 


Treatment 

Number 

of 

Length of 
Experi- 

Average Dry Weight 
Per 20 Plants 
(Grams) 

Pcrcentafic I ncrease 
Over Respective 
Controls 


Plants 

. (Days) 

Tops 

Roots 

Tups 

Roots 

Control, pH 7.8 

Control, pH 6.0 

21 

14 

25 

25 

25 

25 

30 

30 

30 

30 

30 

30 

30 

34.2 

‘j*> 3 

8.2 

— — 

~zz 

Vitamin B» 

Sol. A, pH 7.8 

Sol, A, pH 6.0 

Sol. B. pH 7.8 

Sol. B, pH 6.0 

41.0 

34.5 

37.5 

38.9 

39.2 

10,4 

8.0 

10.2 

1 n (1 

19.9 

6.8 

9.6 

20.4 

14.6 

26.8 

1,3 

24.4 

38.0 

28.0 

Leaf Mold 

25 

10.5 


m Clay pots oi loam soil, imbedded in sand, 
rap water— pH 7.8 Acidified as needed with acetic acid to pH 6.0. 

Leaf mold, when used, ^ inch layer on top of soil, 
or 6 dayr"" ^ milligram per gallon; Sol. B, 6.0 milligram per gallon. Applied every 5 


“Subsequent assays of this particular leaf mold by Dr. J. Bonner showed a 
had content of 2.S parts per million, while the soil used 

had but .41 parts per million and the sand no detectable B, content. 
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were sujipliecl l)}^ J. Bonner of the above instilntion, Init the supple- 
mentary use of leaf mold was the writer's own idea. The experiment 
was conducted from May 25 to June 25, when the maximum day 
temperature of the grc'CMihouse ratified from 85 to 105 degrees F and 
the nights were corresiiondingly warm. Details of the test and tlu‘ 
results obtained are |)resentecl in Table IL 

Adjustment of tlie pM of water used came as an after thouglU,’^ the 
idea being that vitamin Bi (thiamine hydrochloride) possibly is un- 
stable in an alkaline solution. The water supplied to oiir greenhouses 
having a pH of 7.8, a duplicate experiment was set up with water at 
pH 6.0. The results show (Table 11) that acidification of water had 
no beneficial eflfect, since on the average lietter growth of plants was 
obtained with tap water at pH 7.8. 

Conclusions 

At concentrations of .025 to 5.0 milligram per gallon of water vita- 
min B| had conspicuously beneficial, though variable, effects on 
growth of several plants (cosmos, dill, ornamental pepper) in lx)th 
poor and rich soil, as expresvsed by dry weight of organic matter pro- 
duced. Root development was influenced the most, thus supplying 
additional evidence that this vitamin is more or less specifically a 
root growth factor and that the rest of the plant is lienefitted through 
an increased growth of the subterranean organs. Equally good, and 
sometimes better results were obtained, however, by merely putting 
on the surface of the soil a to ^ inch layer of leaf mold which sup- 
plied not only sufficient vitamin Bt but undoubtedly a good many 
other organic stimulants (growth factors or nutrilites) inclucling many 
whose importance has not yet been disclosed. In horticultural practice 
success with this and other growth factors would seem to depend large- 
ly upon the kind of soil used and types of fertilizers applied (5). 

But why should plants growing in soil, containing by volume one- 
third organic matter, be still further henefitted by a top layer of leaf 
mold (Table 1) ? Is it posvsible that this surface dressing plus the rela- 
tivly high calcium content of the water used encourage Azotobacter 
development ? It has been reported ( 1 ) that these liacteria, among 
other functions, synthesize extremely large quantities of vitamin Bi, 

Litruaturr Citko 

1. Bonnkr, J., and Greenk, J. Vitamin Ri and the growth of green plants. 

Bot Gas, 100:226-237. 1938. 

2. Further experiments on the relation of vitamin Bj to the 

growth of green plants. Bot Gas. 101:491-500. 1939. 

3. Arnon, D. T. Vitamin Bi in relation to the growth of green plants. Science 

92:264-266. 1940. 

4. Hamner, C. L. Effects of vitamin Bi upon the development of some flow- 

ering plants. Bot. Gas. 102:156-168. 1940. 

5. Skive, J. W, Bi, its use as a growth stimulating substance for green plants, 

N. J. Agr. Exp. Sta. Cir. 399. 1940. 

Trivate communication from Dr. J. Bonner, May 5, 1940, 



Some Social Implications of the Scientific Method 

Presidential y\DDRESs 

By I v. H. Mac1’)aniels, Cornell Unkwrsily, Ithaca, N, K. 

S EVERAI.w considerations have led me to choose the present title 
which I know will appear to many of you, at least at first sight, to 
be rather inappropriate for presentation before the American Society 
for Horticultural Science. Among these is the fact that our society is 
becoming mature. Attendance is now larger and more varied than 
formerly, and it seems not out of place to consider matters of a general 
nature rather than to continue the technical discussions of the regular 
sessions. Not that we should be less zealous of the pursuit of scientific 
knowledge, but rather that now we have estaldished our position as a 
first class scientific society we can pause momentarily and examine our 
situation with relation not only to other scientific societies, but to the 
whole field of knowledge as well. 

The subject is certainly timely. With most of the world at war or 
near war it is all too obvious that our control of physical forces has far 
outstripped the capacity or at least the will of the human race to man- 
age their affairs in a satisfactory way. Such a statement is trite in view 
of the many efforts now being made to increase the sen.se of responsi- 
bility among the scientists for the social order. This trend has been 
emphasized recently by the National Research Council in its con- 
sideration of the obligation of the scientists of America to society in 
general and the defense program in particular. 

It is timely^ also because the method and approach used by many, or 
should I say most, scholars in studying and attempting to solve the 
problems of human relationships, including economics, .sociology and 
ethics, are at the present time apparently confused and ineffective. 
There has not been adequate leadership in these fields at a time when 
such leadership has been far more important than technological ad- 
vance and control. Economic bungling of both governmental and pri- 
vate institutions and in industry during the past years of depression 
has brought out only too clearly the inadequacy of our society to 
handle the really important problems. It is indicated ])artic,ular!y by 
the failure among economi.sts to have any answer upon which tliey can 
agree and no widely accepted method of approach to economic 
problems. 

Modern ethics also is in a confused state. This wa.s brought out 
most forceably in a recent course of lectures on ^‘Ethics and Modern 
Life’’, given at Cornell by a leader in that field. The titles of some of 
the lectures will indicate the confusion of thoughts and ideas that ap- 
parently exists. The first title was “The Dilemma of Modern Ethics”, 
The dilemma seemed to be that there is no way by which the problem 
of human conduct could even be considered. Ideas just don’t have 
any contact with action, and every term that is used is a dilemma in 
itself. The second lecture was on “The Venture of Moral Philosophy”, 
The venture appeared to be that it was most extraordinary that anyone 
would have the temerity to even try to do anything about conduct. 
The third lecture had to do with the divergence of theory and practice 
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in which it was again brought ottt that it is practically impossible to 
bring ideas to hear upon the world of fact and experience. In the fourth 
lecture entitled, “Tlie Modern Experiment; Ideas and Immediate 
Experience*'', it looked as if the lecturer were going to arrive at some- 
tiling whicli at least faintly resembled an effective approach to the 
problem, tli(* scitmtihe a]>proach if you please. Tlie startling concept 
was advanced that pos.sijdy ideas could l^e Iirought to bear upon im- 
mediate experience. In the la.st lecture of the series, however, entitled, 
“The Persistent Tension in Experience and Morals", the idea was 
given up and it was indicated that the whole matter was in a condition 
of confusion, futility and conflict. It gave no real hope to the human 
race for ever doing anything effective in directly meeting their prob- 
lems in the improvement of social and moral relationships which is so 
necessary if civilization is to continue. Yet this authority in the field 
of ethics received nearly $6.00 a minute for bringing his audience to 
such a state of confusion and impression of futility. The above picture 
is, of course, overdrawn and cannot be used as a basis for generaliza- 
tion. It does, however, contrast rather sharply with the situation where 
the scientific method is used as a tool in the solution of problems. 

ft is my belief that the method of science or the scientific approach 
is useful and effective in interpreting phenomena in all fields of human 
knowledge and endeavor and will aid in the solution of all problems 
with which the human race is confronted. It is also my belief that we 
as scientists have the opportunity, if not even the obligation, of bring- 
ing to l)ear upon the problems of living, both private and public, the 
method and approach of science. I submit that this method has had 
an outstanding record of accomplishment in the fields where it has 
been used and that the extension of its use as a working hypothesis 
for the solution of all problems is more practical and effective than 
any approach so far devised. 

Before going further it is essential to make clear just what is meant 
by the scientific method. Here I know that much that is said will seem 
trite and well known to most or all of you. It is, however, necessary 
that such a statement be made, otherwise we do hot know just what 
we are talking about. 

Behind the scientific method are a number of basic assumptions 
which are taken as axiomatic. The first of these is that everything 
that takes place in the universe as we know it; takes place in accordance 
with natural law. The second is that the human mind is capable of 
comprehending and understanding this natural law and hence can 
understand the universe. If this were not true the scientist could not 
work. What would be the use of spending our time investigating some-’ 
thing that we can not understand. Of course, there is much in the 
universe of which we are not aware, much that our senses do not 
perceive, but we must assume that these things could be perceived and 
understood if we were given, or if we devised, the proper instruments 
to perceive. The proof of such assumptions is that they work. 

The radio is an obvious example. The natural law underlying the 
development of the radio has always been there. Radio waves, as such,* 
are (Juite beyond the perception of any of our natural senses. However, 
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by understanding the nature of these waves and how to control them 
it is possible to translate electric impulses into sound that we can 
perceive and enjoy. The air at tins moment is full of all sortvS of pro- 
grams which, I am thankful to say at the inomcnt we d() not perceive. 
By bringing in a radio properly tuned we arc* al)le imtnediatc*ly to make 
this apparent silence more audible. 

As a further illustration of just what is meant by natural law, I 
might cite the periodic table of atomic weights as formulated ]>y Men- 
deleyev in 1869. At that time only 70 elements were known, hut on 
the basis of his hypothesis he postulated that there were 92 and went 
so far as to describe the properties of some of these that were still 
unknown. Within a comparatively few years 15 additional elements 
had been found and now I believe all have been accounted for. When 
it was published in the new^spaper that element 87 had been discovered 
it was no surprise. The chemists had known all along that it was 
there. Another example of what we mean by natural law is the com- 
paratively recent discovery of the planet, Pluto. Astronomers knew by 
the behavior of other planets that such a planet existed and it only 
remained for a more powerful telescope to confirm its ]Kxsition. Who 
would doubt that the laws of astronomy have existed from the first? 
And so it is with other natural law. 

Why many fail to appreciate the implicatioiLs of the scientific method 
is that they do not consider natural law of universal application and 
are inclined to limit its scope to the physical sciences or to those in 
which material can be accurately weighed or measured. It is here that 
the greatest progress has been made and it is here that the factors 
with which the scientist deals are capable of the best controlled manipu- 
lation. Lord Kelvin has stated and I quote, “When you can meavSure 
what you are speaking about and express it in numbers, you l<now 
something about it, but when you cannot measure it, when you cannot 
express it in numbers your knowledge is of a meager and unsatisfactory 
kind : it may be the beginning of knowledge but you have scarcely in 
your thoughts advanced to the stage of .science"'. This is a very signifi- 
cant statement and insofar as the material concerned is capable of lieing 
measured and expressed in numbers it should apply. But certainly 
there is no particular virtue in numbers as such, and if th<^ number 
does not honestly represent what it is supposed to represent it can be 
more misleading than a statement in words because the number gives 
an impression of accuracy that does not exist. It is my belief that 
some economists and biometricians have only confusexi our knowledge 
by using and manipulating numbers. Further, what is to be done with 
that great mass of phenomena which cannot be measured and reduced 
to numbers but which is far more significant and important to human 
living than anything in the field. of physical sciences? 

It niight be possible to arbitrarily limit science by definition to those 
fields ill which the material dealt with can be weighed, measured and 
expressed in numbers. This, however, is an untenable position because 
what we can measure today is far different from what we could meas- 
ure yesterday and ho one can venture what we may be able to measure 
tomorrow. To set up such an arbitrary limit implies that somewhere 
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in our universe tliere is a limit beyond vvliich the scientific method 
does not apply. Ikit there certainly is nothing in the basic assumptions 
of the scientific approach that would justify setting such limits. These 
asstimptions are simple, namely that tlic universe ojX‘ratc\s according 
to nattiral law atid we as human Ixmigs can understand natural law and 
hence the universe. To say that this does not have universal ap])lication 
is to say that part of our universe is chaos and without causal relation** 
ship between an event which takes place and the forces and conditions 
that have brought it about. Personally I know of no scientist or scholar 
that would admit that such chaos exists anywhere and I insist that it 
does not. 

Because of this concept that nothing is really science unless it deals 
with things that can be measured and given nutnerical values there has 
grown up a sort of hierarchy or aristocracy among the sciences in 
which the physicists and the chemists hold themselves somewhat aloof 
from tlie biologist, the psychologist, the economist and tlie sociologist, 
apparently feeling that after all physics and chemistry are the only true 
sciences and that tlie others are only pseudo-science. The biologist 
and the psychologist because they can effectively employ tlie experi- 
mental method in turn are inclined to look down their noses at the 
social sciences as being on an even lower grade of pseudo-scicnce. 
This situation has lieen admirably described by ProfeSwSor Boynton of 
Chicago University in his chapter on Knowledge and Wisdom in a 
recent book. 

Apparently much of the difficulty is based on the assumption that 
nothing is truly scientific unless it can he adapted to experimental 
treatment in the laboratory. It is true that the experimental method has 
been idenified with science itself from the first and rightly so, and that 
it is through experimentation that the outstanding advances of the past 
decades have been made possible. It is also true that in the fields of 
knowledge which deal with human relationships and aestlietics, ex- 
periments of the accepted laboratory type are difficult. This does not 
mean, however, that the basic principles of the scientific approach do 
not apply. 

To emphasize this universality of natural law, it is useful to consider 
it as operating in different fields or at different levels. With no attempt 
at a complete classification we might set up a system something like 
this. First of all, there would be the physical level which would include 
physics and chemistry. The fact that chemistry in its last analysis is 
anatomic physics is not important for developing the concept. Next in 
line would he the biological level. Here we are dealing with living 
things such as the nature of protoplasm, the physiology of plants and 
animals and such matters as health, medicine, and nutrition. Here 
would be considered all parts of man’s nature that had to do with his 
biology. Psychology has to do with the workings of the mind and 
might be regarded as a phase of biology or at least to have an intimately 
associated biological basis. The process of thought is more complex 
and of a somewhat different nature than the physiological processes 
of digestion or respiration and for that reason psychology may well be 
set off from biolo^ as such. 
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The social level has to do wnth relations between persons both as 
individuals and in groups and includes economics, sociology and 
ethics. We might ?lso speak of an aesthetic level or field which has to 
do with the appreciation of art and literature and poetry. Ethics and 
aesthetics merge directly into what might be termed a spiritual level. 
In dealing with these upper levels the concept of value comes in. Thus, 
we speak of economic values, moral values, spiritual values. No 
attempt is made to give an exact relationship of these. The point to 
be made is that as we progress from one level to another there is 
continuity. If we accept evolution as a fact this could not be otherwise. 

Also as we progress from one level to another, or from one set of 
values to another the nature of the natural law that is operating be- 
comes increasingly more complex. It is, however, none-the-less real 
because it becomes less tangible and more difficult to handle experi- 
mentally. To further illustrate the point I am trying ^to develop it is 
well to consider some of these levels in more detail. The operation of 
physical law is obvious and accepted. No scientist has any doubt of 
its validity and the same is true of natural law in the biological field. 
This is the level with which the members of this Horticultui'al wSociety 
are primarily concerned. We recognize the application of chemistry 
and physics to our problems. But here in the biological field a new 
element that is very important comes in. We are dealing with living 
matter or protoplasm and its behavior not only as a sulxstance, l)ut as 
it is integrated in more complex organisms. The distinctive thing about 
protoplasm, however, is not the presence of certain chemical elements, 
but rather the integration of these. Of course, the elements which enter 
into the composition of protoplasm are essential, but merely to mix 
these in any given proportion is not to have protoplasm. The important 
thing about this substance is its organization, a thing which we destroy 
as soon as we try to treat it with chemical or physical techniques. 
It may be that eventually protoplasm will be partially explained in 
terms of stero-chemistry and in last analysis atomic physics will con- 
tribute greatly to our understanding of its behavior. This, however, 
does not invalidate the concept. The important thing with which the 
biologist deals is protoplasm as such and its behavior as a living inte- 
grated functioning entity that is more than the sum of the chemical 
elements of which it consists. 

The question of absorption of water by roots and its movement into 
the xylem vessels was not explained satisfactorily as long as such 
movement was regarded as an osmotic phenomenon, carried on hy 
purely passive physical forces. It can be explained, however, on the 
basis of the action of the protoplasm as a living substance which moves 
salts against a diffusion gradient and secretes them into the vessel in 
such concentration that water can then move by osmosis. In the process 
energy is used and work is done and this depends upon the organization 
and functioning of the protoplasm itself. To be sure physical laws are 
concerned and none has been violated though just how they work may 
not be too clear. The significant fact with which we are dealing, how- 
ever, is the whole organization of protoplasm and cells and tissues 
which makes this process possible. 
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In the field of Horticulture the use of chemical methods has been 
valua])le in some problems. Too often, however, the chemist, particu- 
larly if he is not a horticulturist as well, has not contributed to the 
solution of problems as much as hoped for because of his failure to 
appreciate the plant as something other than a mass of chemical ele- 
ments and compounds. As horticulturists we must never lose sight of 
the plant as a living functioning organism that is more than the sum 
of the chemical elements of which it is composed^ This idea was well ^ 
expressed by Dr, E. W. Sinnott in his presidential address before the ^ 
[botanical Society in 1938. It certainly is one that we as horticulturists ^ 
sliould not ignore. 

In biological pi'oblems, particularly in studying the physiology of 
plants and animals we continually use the scientific approach at least ^ 
in our basic concepts and attitudes. We assume that what we observe 
is going on according to natural law and that we can understand it. ^ 
We are so sure of this that when apparent exceptions occur we merely 
conclude that our conception of the natural law that is operating is , 
wrong and that we much search further to find out what is basically * 
involved. This approach which we all use has been adopted because 
of tlie fact that in general it works, or at least works much better than ^ 
any other approach which has been devised. 

An example of the use of this approach might make our meaning 
more clear. Some weeks ago in the greenhouse at Cornell a chrys- 
anthemum plant normally with dark bronze flowers was observed in 
which a part of the flower heads were light yellow, a part dark bronze 
and in some heads the florets were dark in the lower part of the head 
and light in the ui)per. The question arose immediately as to the cause 
of this difference in color. Because of the position of the flowers, it 
was evident that bud mutation was not the answer. The difference in 
color was apparently related to the proximity to a steam pipe. Such 
an observation immediately suggested the possible effect of heat upon 
the color of the flowers in question. This, of course, is tied up with t 
the nature of coloring matter concerned. Knowing that the color was 
anthocyanin and that this is a derivative of sugar, immediately the 
problem becomes related to the sugar supply available for the pro- 
duction of this coloring matter. Increase in temperature is, of coutvSe, 
related to respiration so that the possible explanation might be that 
tlie color pigment was absent from the flowers next to the steam pipe 
because of the loss of through increased respiration. Another 
relationship indicated in the heads with dark florets below and the 
liglit above was the effect of tlic progressive shortening of day length ^ 
in relation to carl)ohydrate maniifacture. Heads that had color in the ’ 
l)asal florets might have developed relatively earlier during longer days 
than tho.se in the center. Under such conditions the sugar supply avail- 
able at the time the florets were forming might be the controlling factor 
in determining the color. Doubtless other factors were also operating 
and in any case these hypotheses would have to be proved experi-: 
mentally liefore acceptance. 

This example merely illustrates the scientific approach to a problem. 
First, we ask the question, '*What is it that has happened and what are , 
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the materials involved?” Next, ‘‘What are the factors operating that 
might bring about the changes which we have observed?” Tlien, 
“What are the natural laws which are operating in controlling these 
factors?” It is my contention that this method of approach is valuable 
in approaching any problem. 

At the psychological level we are dealing with something a little 
different from that found at the lower levels. Here again there is 
increased complexity. Nevertheless there is continuity in the natural 
law opei-ating in the psychological field throughout the animal king- 
dom. There is no break between man and the other animals. The 
psychologists, of course, or at least many of them, have recognized 
this and have adopted the scientific method. Certainly there would be 
no logic in working with rats, dogs or pigs if this continuity did not 
exist. The natural law underlying psychological behavior seems to l)e 
relatively well understood compared to such understanding in the fields 
of economics and ethics. At least it is being made of practical use on 
a wide scale. We have only to mention such terms as “child training”, 
“high pressure salesmanship”, “propaganda” and the like to show this 
to be a fact. The astounding effectiveness of the Hitler regime is based 
largely on the control of vsonie psychological factors. We can only ho])e 
that his knowledge is inadequate to carry out his plans in their en- 
tirety. Certainly neither the effect of bombing upon the British morale 
nor the imprisonment of the German clergy in concentration camps 
has worked out as was planned and indicates a lack of understanding 
of the psychology of these groups. 

Here again in the psychological field we are dealing with natural 
law that is unlike physical law and unlike most of the natural law in 
the biological field also. We are concerned with human response. 
Attempts are made to reduce human behavior to terms of endocrine 
secretions, blood pressure, and similar factors. To get any significance 
out of human relationships, however, it is futile to reduce human 
behavior to such terms. The minute we try to break down a human 
reaction in terms of solutions and secretions the thing itvSelf is lost. 
It is like trying to find out the nature of protoplasm by sulijecting it 
to chemical analysis. As soon as it is manipulated with chemical tech- 
niques the significant thing about it no longer exists. For exanijdc, take 
the behavior of an affectionate child toward its father. On returning 
home after a separation, at the first sight of the parent the child comes 
running to him with every expression of eagerness and joy. Such 
actions are doubtless associated with various physical and chetnical 
stimulations and electrical phenomena of one kind or anolhcM*. How- 
ever, these are not the significant things about it. The significant fact 
with which we are dealing is the whole complex phenomenon in its 
entirety. 

In the field of economics the situation becomes even more involved 
and complex because we are considering not the psychology of an 
individual but the behavior of groups of individuals with regard to 
other groups and are also concerned with their relationship to various 
materials and commodities. Yet there is no question but in this field 
there are laws which operate in spite of Federal farm board legislation 



MACDANIELS: SCIENTIFIC METHOD 


and the A. A. A. or any other governmental organization. It seems 
to me evident that much of the difficulty of the past years during the 
depression is due to the fact that many economists do not use the 
scientific approach to their problems. Although some of them use this 
approach there is such disagreement as to valid methods that great 
confusioti lias resulted. It is also entirely possible if not altogether 
probal,)le that some of the so-called natural laws which have been 
thought to operate in the economic field are not valid. This does not 
mean, however, that such law is wanting and that it may not be dis- 
covered if studied in an effective manner. 

In our personal relations with others natural law is operating, also. 
The so-called laws of friendship have a very real meaning. It must 
be perfectly obvious to all of you that certain reactions in other people 
will follow certain courses of action on your part. It is quite possible 
to make another angry or to arouse many other positive or negative 
reactions at will. 

The field of ethics has to do with personal conduct as related to 
what is right. Here, conduct must be judged in the light of the society 
in which it occurs. A thing is good or bad, moral or immoral, only 
when related to some specific situation or environment. Still there is 
no chaos, though some would say that there was. I recall heaiing a 
famous criminal lawyer discussing this matter before a gathering of 
college students at Wesleyan University, Connecticut. The whole effect 
of his talk was to leave the students with the idea that there was no 
basis for judging conduct as moral or immoral, good or bad, and the 
general concept was that society had no right or justification in 
punishing criminals for what they do because we had no valid stand- 
ards of what is right or wrong. It would seem to me that this con- 
ception was contrary to fact at least insofar as holding that there was 
no way to determine what was right or wrong. In this day and age 
and in our society a person of good moral character is a perfectly defi- 
nite sort of person. We know what to expect in the way of behavior 
from such an individual. Each one of us has friends about whom 
we would not believe a report of their having done an immoral or 
disgraceful act. On the other hand, we may also have acquaintances 
al)(,)Ut which such reports would be accepted as the thing to be expected. 
A possil)le concept of ethics might be stated after this fashion — Be- 
havior i.s right or ethical if it is in accordance with natural law operat- 
ing in a constructive manner. This has to do only with human behavior^ 
as tliere is no etliics in the field of physics and chemistry. 

In considering any l)ehavior the level of the natural law that is 
o])eratiug must be considered. A thing may be right at one level and 
wrong at another. Certain behavior for example may be quite moral 
on the biological level with no immoral social implications whatever 
in a society like that of the early Polynesians, whereas the same course 
of action might l)e highly immoral in our own society judged on the 
l^asis of its biological, economic or social significance. 

It is not my purpose to discuss ethics further than to point out the 
fact that natural law is operating in this field also. It is my firm belief 
that there is a fundamental and universal law governing human con- 
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duct under which human beings can achieve the best possible and most 
satisfying relationships. This has to do with many things that are 
known and recognized. The qualities of honesty, loyalty, truth, de- 
cency, kindness, unselfishness and the like are constructive in their 
effect upon individual and social life and in the long run will make for 
a better society than their destructive counterparts. It is obvious that 
if individuals and nations conducted themselves along these construc- 
tive lines the chaos which now confronts tlie civilized world would not 
exist. The point is emphasized here that any problem of ethics can 
be approached effectively by using essentially what we understand as 
the scientific method. It is granted without argument that our knowl- 
edge of natural law is incomplete, particularly at the economic, social, 
ethical and spiritual levels and that the technique of the chemistry 
laboratory cannot be carried over directly into the field of sociology 
and ethics. Not so long ago, however, chemical and physical laws were 
also unknown. Certainly no scientist can take the position that any- 
thing will be impossible in the future in the way of understanding and 
in controlling our universe. Further and more important, I would 
maintain that the scientific method is the most effective approach we 
have in dealing with our problems of whatever sort and can be taken 
as a working hypothesis upon which we can base our activities. At 
least, until we find a better one it will go far in giving meaning to our 
universe in fields where otherwise chaos and confusion seem to exist. 

I hope that I am not being misunderstood. It is the farthest from 
my desire to^ advocate that the members of this society become less 
zealous in doing effective work in the science of horticultural researcli. 
Rather, it is to point out that we as scientists should realize more fully 
that in the scientific method we have an extraordinarily effective tech- 
nique that can be brought to bear upon the problems outside the field 
of the physical and biological sciences. Further it is our opportunity 
and obligation to take some responsibility for the social and political 
order in which we work and which makes our work possible at all. 
With such a broad concept of responsibility the scientist would not 
abandon the scientific method when he closes the door of his laboratory 
each day, but would carry the same critical and dynamic approach with 
him wherever he goes. 

In these troublous times when four-fifths of the nation paused to 
hear President Roosevelt’s statement of the crisis with winch we arc 
confronted, we as scientists are in a favored position to be of oiitstancl- 
mg service. We, niore than any other group, have the approach that 
will be most effective in meeting the prolilems raised by events as they 
come provided, of course, that we realize at least some of the social 
implications of the scientific method. 
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